
Ford Motor Company 

Attention: 5HS-13 
RCRA Activities 
US EPA Region V 
P. 0. Box 3587 
Chicago, Illinois 60690- 3587 

SUBJECT : Ford Allen Park Clay Mine 

3001 Miller Road 
Dearborn, Michigan 48121 

October lO, 1985 

Groundwater Monitor Waiver - 40 CFR 265.90 (c) 
MID 9805 68711 

Gentlemen : 

The facility groundwater waiver demonstration was provided to your 
Technical, Permits and Compliance Section on January 26, 1983. 

Subsequent studies completed since that time have been provided for your 
review in the form of a revised demonstration dated October 7, 1985. 

As requested at the October 9, 1985 meeting, we provide herewith a revised 
introductory page of the sUbject groundwater waiver demonstration dated 
October 10, 1985 . Please replace the October 7, 1985 introductory page 
with the enclosed revision. 

DSM/lr 

Enclosures 

Very truly yours, 

/(Lc.~ 
Ben C. Trethewey, Manager 
Mining Properties Department 





Ford Motor Company 

RCRA Activities 
US EPA Region V 
P . O. Box 3587 
Chicago, Illinois 60690-3587 

3001 Miller Road 
Dearborn, Michigan 48121 

October 7, 1985 

SUBJECT : Ford Allen Park Clay Mine 
Groundwater Monitor Waiver 
MID 980568711 

Gentlemen: 

The facility groundwater waiver demonstration was provided to your 
Technical, Permits and Compliance Section on January 26, 1983. 

Subsequent studies completed since that time are enclosed for your 
review in the form of a revised demonstration dated October 7, 1985 . 

BCT/lr 

Enclosures 

Very truly yours, 

r-:? .--:-- ft 

I ~ <' · I _._~-z?'------.._ 
Ben C. Trethewey, Manager ~ 
Mining Properties Department 





October 10, 1985 

Ford Motor Company 

Allen Park Clay Mine Landfill 

E.P.A. I.D. No. MID 980568711 

Demonstration for Exemption of Subpart F Requirements 
Under 40 CFR 264.90 (b) (4) and 40 CFR 265.90 (c) 

Demonstration is hereby made to waive certain groundwater monitoring requirements 
as provided for under 40 CFR 264.90 (b) (4) and 40 CFR 265.90 (c) of the RCRA 
rules, based on the favorable site geology to the aforementioned rules. Specifi
cally, the requested exemption includes all sampling of the artesian aquifer 
immediately below the insitu saturated clay liner. 

Site Description 

Depositional Environment: 

The site hydrology is governed by the last glacial period in which the Huron-Erie 
ice lobe occupied southeast Michigan as shown on Exhibit A. When the ice lobe 
retreated, a proglacial lake (Lake Maumee) formed, as shown on Exhibits B and c. 
The site vicinity is located at least 16 miles from the shores of this lake. The 
clay sediments deposited in the site vicinity reflect this low energy depositional 
environment. The lacustrine clay is generally 80-120 feet in thickness and has 
become an effective aquiclude since the recession of the lake. The recharge area 
for the underlying aquifer is the moraine and outwash complex to the northwest and 
the underlying Devonian carbonate formations. There are no groundwater withdrawal 
wells within a three mile radius of the facility. 

Artesian Aquifer: 

The confined aquifer is located approximately 70 feet below the existing grade 
at the Allen Park site and varies in thickness from one to six feet. It exerts 
an upward hydrostatic pressure on the clay aquiclude equivalent to 80 feet of head. 
This hydraulic gradient in the upward direction is a counteracting force against 
those of leachate migration (drag coupling effect and chemico-osmotic diffusion). 
Under these conditions, there is no potential for migration of liquid from the 
regulated unit to the uppermost aquifer during the active life of the regulated 
unit and the post-closure care period. Refer to Exhibit D for a full discussion 
on leachate migration at the facility. 

Subsurface Soil Conditions: 

The uniformity of the clay sediments in the Detroit area (Erie-St. Clair Plain) 
has been documented by the numerous soils exploration and foundation-engineering 
studies required for all of the building and construction projects in the vicinity. 

To be site specific, the following documentation has been established: 

l) Clay mining operations, excavating clay for the manufacture of cement, have 
encountered more than 45 feet of uniform material over the entire site. 

2) Seismic work on the cell bottom indicates that the bedrock is between 57 and 
70 feet below the cell bottom with uniform material to that depth. 
Refer to Exhibit E. 
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EXHIBITS A, B1 C 

{Map from Frank Leverett) 

{Map from Frank Leverett} 

{Map frt~m Frank Lt'vercll) 
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CONTAINMENT INTEGRITY OF ALLEN PARK 
CLAY MINE/LANDFILL 

by 
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Professor of Civil Engineering 
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SUMHARY 

The possibility of leachate migration downward from the Allen Park Clay Mine/Landfill and contamination of an aquifer beneath were evaluated. 

Analyses show that density differences between the leachate and groundwater will not cause a downward migration nor will they lead to a diffusion efflux from the site. A thick, uniform layer of silty clay beneath the site coupled with an upward hydraulic gradient effectively precludes the latter. 

Comparison with r~sults of salt water intrusion studies across clay aquitards having similar properties as the clay beneath the Allen Park site show that the solute (salt) will take at least BOO years to migrate across a clay barrier 30 feet thick under chemico-osmotic diffusion alone. A counter (or upward) hydraulic gradient will lengthen this breakthrough time even further. 

There are insufficient amounts of organic compounds in' the waste to affect the permeability of the clay. The probability of accelerated leachate migration through the underlying clay is not supportea by the composition of the wastes and the nature of the clay nor by the findings of leachate permeability studies reported in the technical literature. 

Under these circumstances any observed increases in contaminant levels of monitor wells in the aquifer underlying the site could more reasonably come from sources laterally upgradient from the site rather than the clay mine/landfill above the site. · • 
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CONTAINMENT INTEGRITY OF ALLEN PARK CLAY MINE/LANDFILL 

I. INTRODUCTION 

The Ford Motor Company who operate the Allen Park Clay Mine/Landfi11 have recently petitioned to discontinue ground water monitoring of an aquifer located approximately 70 feet below existing grade at the site. The landfill is underlain by dense, 1acustrine clay which behaves as an aquiclude or aquitard. At least 25 feet or more of residual clay thickness separates the bottqm of the landfill from the underlying aquifer. The aquifer is under artesian pressure and exerts an·upward hydrostatic pressure on the base of the clay aquitard equivalent to 80 feet of head. A general cross section or profile illustating these soil and hydrologic conditions at the site is shown in Figure 1. 

Applicant maintains in his petition for discontinuance (EPA I.D. No. MIT 980568711) that monitoring is not necessary at the site because of a) the dense, uniform clay underlying the site which has a hydraulic permeability no greater than 6 x 10-scm/sec and b) the artesian pressure in the underlying aquifer which results in an upward hydraulic gradient across the overlying clay aquitard. Applicant claims that these • site conditions will preclude the possibility of leachate migrating downwcrds out of the landfill and eventually contaminating the aquifer. 

In response to this·petition, the Wayne County Department of Public Health has faised several questions and concerns (letter form R.N. Ratz, Public Health Engineer, to B. Trethewey, Mining Properties Department, Ford Motor Company, 28 April 1983). The following concerns were raised in the letter: 

1. The petition/report fails to address the possibility of leachate migrating down due to differences in densities of the leachate and groundwat€r. 

2. The petition/report does not indicate if there are any organic constituents in the leachate that may increase the clay's permeability and permit downward movement. 

The purpose of the present report is to respond to the above stated concerns. Additional information about the geohydrology of the site, about past containment/migration studies, and about the likely nature of the leachate and its effect on clay permeability are evaluated-herein to determine the danger of.landfill leachate migrating downwcrds from the site and reaching the underly~g aquifer. 
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II. THE INFLUENCE OF PER'1EANT DENSITY ON LEACHATE HIGRATIO!l 
ACROSS CLAY BARRIERS 

A. GENERAL 

Perrneant density plays a direct and indirect role in flow 
phenomena in porous media. Permeant density can affect solvent 
or solution flow rates via its influence on hydraulic conducti
vity. This influence can be calculated and shown to be minor or 
insignificant compared to the more likely and important influence 
of permeant density on solute diffusion. 

A newly introduced permeant with a high concentration of 
dissolved material (e.g., a leachate) will also have a higher 
density. This high concentration in turn will cause the solute 
to diffuse through a porous medium to regions of lower concentra
tion. It is this manifestation or aspect of a density increase 
in the permeant that requires careful scrutiny and analysis. In 
other words, the role and influence of permeant density are 
more important to solute diffusion under concentration gradients 
as opposed to solvent (or solution) convection under hydraulic 
gradients. · 

The analyses that follow are offered in support of these· 
claims. 

B. INFLUENCE OF PERHEANT DENSITY INCREASE ON HYDRAULIC PER'ffi.h.BILITY 

Both the viscosity .and unit weight of a permeant can influence 
the permeability of a soil to a particular permeant. The hydraulic 
conductivity is defined in this case as a flow velocity under 
a unit hydraulic gradient (the usual practice in civil engineering). 
The influence of permeant density and viscosity can be ascertained 
explicitly by defining another permeability, i.e., the "intrinsic• 
or •absolute" permeability · 

(1) 

where: k = hydraulic conductivity, em/sec 
K = intrinsic or absolute permeability, ='2. 
lf = permeant density or unit weight, dynes/em; 
)l = permeant viscosity, poise 

The intrinsic permeability(K) is a property only of the 
solids or matrix through which the permeant passes. Accordingly, 
for a particular soil (i.e., given grain size distribution and 
soil structure) and in the absence of permeant-soil reactions, 
K .should be a constant. The influence of a variation in visco
sity and density of the permeant on the hydraulic conductivity 
can be determined from this fact and from a relationship derived 
from Equation 1, viz., 
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where: 

3 

subscript 1 - initial conditions (grnd water) 
subscript 2 - final conditions (leachate) 

( 2) 

An increase in density of the permeant will apparently 
cause a higher permeability. But, this same increase in 
density can also result in an increase in viscosity which 
will reduce the permeability. Both influences together will 
tend to offset one another, and it is unlikely that a density 
increase in the permeant (leachate) will significantly affect 
hydraulic conductivity. Furth~rmore, even if viscous 
retardation is discounted, density increases ar~ highly 
unlikely to significantly increase permeability in actual 
practice as the following example will show. 

Assume the ground above an aquitard or clay barrier is 
flooded with a fairly concentrated brine solution, namely 
sea water. The density of sea water {with a TDS of 36,000 ppm) 
is 1.036 gm/cc at 4c C vs. the density of the present intersti
tial water (with an average TDS of 1550 ppm) which is 1.002 
gm/cc. This leads-to a density ratio of l.034?which is equiva
lent to only a 3.4 per cent increase in hydraulic conductivity 
{discounting viscous retardation). Therefore, density has 
little effect on hydraulic conductivity despite the alrnost·20 
fold increase in dissolved solids concentration. It is the 
influence of the latter change, i.e., the increase in dissolved 
solids concentration, that requires careful analysis in evaluat
ing the effectiveness of a clay barrier in containing leachate 
migration in this case. · 

C. INFLUENCE OF PER~ANT DENSITY INCREASE ON SOLUTE DIFFUSION 

1. Background 

Dissolved solids or solutes in a permeant can be trans
ported through soils under both hydraulic and concentration 
gradients. The former is referred to as "drag coupling• and 
the latter as •chemico-osmotic diffusion." Both types of 
movement should be considered when evaluating the effective
ness of a clay barrier for preventing leachate migration. 

Chemico-osmotic effects in fine grained soils have 
been examined in some de~ail by Olsen {1969) and Mitchell 
et al.(l973). The importance of chemico-osmotic diffusion 
Increases in fine grained soils wilth low hydraulic conducti
vities. Studies commissioned by the State of California{l971) 
on salt intrusion problems in aquifer-aquitard systems have 
shown that as aquitards become clay rich and theil permeabi
lities fall to levels on the order of .002 gpd/ft or 10-T 
em/sec, the migration of solutes will be controlled by chernico
osmotic diffusion. 
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2. Flow of Solute under Combined Hvdr. and Chern. Gradients 

Equations can be derived which describe the flows 
of solute and solution in the pores of a sediment. The 
derivation of these equations and assumptions on which 
they are based are given by Mitchell~ al.(l973). The 
one-dimensional, vertical, steady state flux of solute 
across a clay aquitard under a combined salt concentra
tion(chemical) gradient and hydraulic gradient is given 
by the following relationship: 

.:JS = [ (il"'f'TR) c.s k~h + Cs kit.] ~h/Glz + [ D + !::3 keh] Cl ~ /cz ( 3) 

where: ~ = salt flux across an aquitard, moles/sec/em~ 
~h/az = hydraulic gradient (dimensionless} 
~Cs /az = solute concentration gradient, moles/cm4 

D = diffusion constant, cm~/sec 
R.= gas constant, ergs/mole/~ 
Y..., = density of water, dynes/cc 
T = absolute temperature, °K 

C.s = average salt concentration, moles/cc 
kh = hydraulic conductivity, em/sec 
~h =·chemico-osmotic coupling coefficient, 

cm5/mole/sec 

Relative contributions to the salt or solute flux 
can be calculated from Equation 3. Movement of solute 
can occur by diffusion whether a hydraulic gradient is 
present or not. A superposed hydraulic gradient may re
tard or accelerate movement of solute depending on: 

a) Relative magnitude and direction of the hydraulic 
and solute concentration gradients. 

b) Values of the hydraulic conductivity and chemico
osmotic coupling coefficient. 

Equation 3 only yields the steady state flux of solute 
under combined hydraulic and chemical gradients. Equations 
can also be derived that give the initial"or time dependent 
solute fluxes and the time required for •breakthrough" or 
first appearance of increased solute concentration on the 
downstream side of the aquitard. This initial, non-steady 
state process is quite complicated. Examples have been 
worked out for aquitards of different thicknesses and compo
sjtion by Mitchell~ al.(l973). 

One of the most important findings of these studies 
on salt flux across clay aquitards was the importance of 
aquitard thickness on breakthrough time. Because the ini
tial movement is non-steady, the breakthrough time increases 
with the square of the thickness of the aquitard. Theore
tical studies of salt water intrusion across aquitards 
(State of California, 1971) have shown that salt ions will 
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take up to 800 years to migrate across an aquitard 30 feet 
thick under chemico-osmotic diffusion alone. If the thick
ness is reduced to 10 feet, the breakthrough time decreases 
to only 80 years. The presence of an hydraulic gradient 
could either accelerate or retard this time depending on 
the relative magnitude and direction of this gradient and 
other factors cited previously (see Figure 3). 

3. Likelihood of Solute Efflux Through Clay at Allen Park Site 

Solutes will tend to migrate or diffuse downward from 
the landfill along a concentration gradient. On the other 
hand, this movement can be impeded or even arrested by 
the upward hydraulic gradient as a result of artesian 
pressure in the underlying aquifer. Static water levels 
in monitor wells around the landfill show that the piezo
metric surface is almost 10 feet above existing grade or 
ground surface elevation at the site (see Table 1). The 
net, steady state flux of solute, if any, can be deter
mined under these conditions from the solute flow equation 
cited previously (Equation 3). 

It is also pertinent to examine the results of a 
similar type of study commissioned by the State of 
California (1971). The latter study was designed to 
determine salt efflux rates and breakthrough times in'an 
aquitard-aquifer system in the coastal ground water 
basin near Oxnard, California (see Figure 2). The 
problem posed in the California study was basically the 
same as the preisent one; namely, given a sudden 
increase in dissolved solids or solute concentration 
atop a clay barrier (or aquitard) how long before the 
salt migrated downward and reached an underlying aquifer 
and at what rates of efflux? The problem was compounded 
in the California example as a result of drawdown of the 
piezometric surface in the underlying aquifer which also 
caused a downward hydraulic gradient. 

The two aquitards are quite simiiar 1n their 
important respects. Both are approximately the same 
thickness, have the same initial dissolved solids concen
tration, and are composed of clayey sediments with low 
hydraulic conductivities. The salient charateristics 
and parameters of these two aquitards are summarized 
and compared in Table 2. ~e main difference appears 
to be in their respective hydraulic conductivities--
the Allen Park clay is an order-of-magnitude lower. 

A dissolved solids concentration equal to that of 
sea water was assumed in the leachate overlying the Allen 
Park clay. Sea water is a good •worst case• choice because 
sodium ions have high diffusion mobilities and are not 
preferentially adsorbed on clay exchange sites as heavy 
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TABLE 1. ALLEN PARK CLAY MINE 
• 

l·lONITOR WELL - HATER LEVEL READINGS n • 
Ground Water(J) Ground Water(J) " 

Ground Water(2) 
~ 
2 

Well E1@vation(l) 
.. 

~le11 Ground Elevation Elevation Elevation " ~ 
Nurnber Elevation, Ft. USGS 11-4-81 6. 5-29-81 3-26-81 

.. 
z 
" 

2 595.1 600.76 600.67 ?.l. 600.44 600.21 
.. 
z 
" 

C\.4-
z 

5 595.7 605.92 605.09 604.62 604.49 " ~ 
» 
• 

7 594.1 597.35 591.01 
-~.I 

593.23 594. ].1 ' " 
10 593.4 603.03 601.81 9.4c- 601.93 601.56 

~I W-101 593.9 601.4 7 601.21 '7. 3 

591.3 600.81 603.22(4) II. c\ ' W-102 

W-103 593.9 605.06 603.52 q,~;, 

1~-1 04 594.1 603.82 603.81 'l.t. 

·, 

· W-105 594.5 604.08 603.86 a..<\ 

(l) Hell Elevation is recorded as top of standpipe. 6."'' " g .q 

(2) Data rl2corded by Michigan Testing Engineers, Inc. 

(J) D.1ta obtained from Michigan Depat·tmcnt of Natural Resources. 

(4) Well extended temporarily to obtain water level. 

TIIBLE 1 
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TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE PARAMETERS 

AQUITARD PROPERTY 
OR SITE PARAMETER 

Composition 

Thic;:kness, ft 

Ave. Water Content, % 

Ave. Liquid Limit, % 

Ave. Hydraulic Conduct, em/sec 

Hydraulic Gradient 

Initial (interstitial) 
Pore Water Solute Cone, ppm 

Final Solute Cone, ppm 

Chemico-Osmotic Coupling 
Coefficient, cm5/mole/s~c 
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OXNARD 
CALIFORNIA 

clayey silt & 
silty clays 

30 

24 

31 
-'1 

1 X 10 

0.33 - 1.0 
(do'll!1ward) 

1800 

36,000 

-4 
6.2 X 10 

ALLEN PARK 
MICHIGAN 

silty clay 

25 - 35 

20 

28 
-s 

2,6 X 10 

2.7 
{upward) 

1550 

36,000 
{assumed) 

_.,. 
6.2 X 10 
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l:t ;;y.'@ AQUIFER 

~ AOurTARD 

Figure 2. Generalized cross-section of multiple aquifer in a 

coastal basin. Salt flux across aquitard can occur as 

result of either salt water intrusion into aquifer (1,2) 

or salt water entering directly above aquitard in shallow 

coastal waters or marinas (3,4), or from salt contamina

tion in near surface, perched aquifer (5). 

w 
!:i 
a: 

2-0r----------.----------.----------, 

No Cl CONCENTRATION = 0.6 NORMAL 

IN THE OXNARD AQUIFER 

PUMPING FROM MUGU 
DRAWDOWN :: W FT. 

~ 0.5 
0 
..J 
u.. 

qLo_o----~~-~~o~oo~------~,o~.ooo~~----~~~.ooo 

TIME (YEARS) 

Figure 3. Solute efflux across aquitard into underlying aquifer as 

a result of salt water intrusion in overlying aquifer. 

Aquitard i~30 feet thick and has a hydraulic conducti

vity of 1~ em/sec. Pumping from lower (Mugu) aquifer 

superposes a 0.33 downward gradient on system. 
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metal ions would tend to be. The same che:-.ico-osmotic 
coupling coefficient used in the California aquitard was 
also ass~~ed applicable for the Allen Park clay. The value 
used is reasonable for the type of clay sediments present. 

Results of the California study are presented in Fig
ure 3 which shows the salt influx into the underlying aqui
fer as a fUnction of time. CUrves are presented for a no 
drawdown and 10-foot drawdown case (assuming the hydraulic 
gradient acts in the same direction as the salt concentra
tion gradient). The hOrizontal portion of the two curves 
represents the steady state salt flux. 

The main things to notice from this figure are the 
large breakthrough time (BOO years) for the •no drawdown• 
case (i.e., in the absence of any hydraulic gradients) 
and the fact that in this aquitard the salt flux 
caused by drag coupling under a hydraulic gradient is 
larger. The steady state salt flux from the drag coupling 
under a combined 10-foot drawdown and salt concentration 
gradient is almost three times that from diffusion alone 
(no drawdown). Hence, in the event the hydraulic gradient 
was reversed, there would be no breaktr~ough and no down
ward salt flux provided the upward gradient exceeded about 
0.2. In other words, under these conditions the two salt 
fluxes would be mutally opposed and exactly counterbalanced. . . 

The relative contributions to steady state efflux in 
this example can be calculated with the aid of Equation 3. 
The following parameter values (taken from the study) were 
used in the calcula.t.ion: 

oh /~z ObAh /AL = 10/30 = 0.33 

~.c ~z ~ <t:s - Cs )/AL = 0.57 x 10 = 0.62 x 10 moles/cm4 
r. 1 914 

D = 10-5 cmz./sec 

(0.60 - 0.03)xl0 = 0.32 x 10 moles/err? 
2 

7 . D R = 8.32 x 10 ergs/mole/ K 

T = 300 °K 

1(.., = 103 dynes/cc 
-'7 

k 11 = 10 em/sec 
-+ k,h = 6.2 x 10 cm5/mole/sec 

Using these values the calculated contributions to 
steady state solute flux are respectively: 
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Drag Couplina: J.si = [ ( li'..,/RT) Cs k<-h + cr. kh J ~ h/a z 
! _., -3 -., = [10 f2xl0 ) + 0.32xl0 (10 )] 

[ 8. 3 2xl 0" ( • 3xl o-3) l 
0.33 

-II l, 
= 1.056 x 10 moles/sec/em 

-B ~ = 0.98 x 10 moles/sec/ft 

Chemica-Osmotic Diffusion: 

-11 3.. = 0.63 x 10 moles/sec/em 
-8 ~ = 0.58 x 10 moles/sec/ft 

The total salt flux is the sum of the contributions 
from drag coupling and chemico-osmotic diffusion or 

-e. = (0.98 + 0.58) xlO 

-e. I a. = 1.56 x 10 moles/sec ft 

These ca~culations are in agreement with the results 
shown in Figure"3 for steady state salt inflow under com
bined gradients. Th~y also illustrate that the drag 
coupling contribution under a 10-foot drawdown (0.33 
hydraulic gradient) exceeds the chemica-osmotic diffusion 
contribution. 

In the case of the clay aquitard beneath the landfill 
at Allen Park, the average hydraulic ~nductivftY is almost an order-of-magnitude lower (2.6 x 10- vs. 10- em/sec). 
This will tend to decrease the drag couplin~. On the other 
hand, this tendency vill be more than offset by higher 
hydraulic gradients at this site •. If the level of the 
leachate is kept at or close to the bottom of the landfill, 
then the gradient vill approach 80/30 or 2.7. The drag 
coupling component of solute flux in this case will be 

3 ' -3 -s ~ = [ 10 (::'xlO-) + 0.32xl0 (2.6x10 )] x ?-.7 
' [ 8.32xlO" ( .3xlo-J) ) 

-IZ.. -II 
= [ 0.008x10 + 0.832xl0 ] X 2.7 

= 2.25 X 
-II 

10 moles/sec/em z.. 
-e. 

moles/sec/ft = 2.09 X 10 
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This flux is greater than 3X the chemico-osmotic flux! 
and since it acts in the opposite direction, there will 
be no net downward flux o~ solute at the Allen Park site. 
The critical hydraulic gradient to maintain a zero net salt 
efflux is 0.8. This means that the groundwater table could 
rise to within 12 feet of present ground elevation (-595 ft) 
in the landfill and there would still be a sufficient upward 

hydraulic gradient (drag coupling effect) to completely 
counter solute efflux under chemico-osmotic diffusiono (see 
summary below). 

Position of Ground 
Water Table in the 

Landfill 

At bottom 

12 feet from top 

At top 

Upward 
Hydraulic 
Gradient 

2.7 

0.8 

0.33 

Net, Steady State 
Solute Efflux Rate 
(moles/sec/ft~) 

-S 
-1.51 X 10 

(net influx) 

zero 

-~ 
+0.32 X 10 

These calculations are based on the existence of a static 
or piezometric head in the underlying aquifer approximately 
9-10 feet above ground elevation (see Table 1). 

Assumption or worst case conditions, namely, a rise 
in the groundwater table in the landfill to ground surface 
elevation, leads to a small, steady state efflux rate from 
Chemico-osmotic diffusion. This occurs because the 
resulting hydraulic gradient ( 0.33) is no longer large 
enough to completely oppose the chemico-osmotic salt flux. 
The breakthrough times, however, would be so immense 
(1000's of years) that the steady state flux under these 
conditions is largely irrelevant. 

It is important to note that the preceding calculations 
are also based on the following •worst case• assumptions: 

• 
1. A highly saline leachate with a concentration 

and composition equal to that of sea water. 

2. No interaction between the solute and clay. 

In actual. practice, there would be some uptake and adsorp
tion of solutes on the clay. This adsor~tion would 
attenuate or limit further solute concentrations in the 
leachate as it passed through the clay. 
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III. EFFECT OF LEACHATE CONSTITUENTS ON THE PER.l1EABILITY OF CLAY 

A. GENERAL BACKGROUND 

The possibility that leachate--either in the solvent or 
solute phase--might affect clay permeability and hence its 
containment integrity has been raised by a number of investiga~ 
tors (Anderson and Brown, 1981; Haxo, 19811 and Folkes, 1982). 
One of these studies has shown that concentrated organic liquids 
can increase clay permeability by several orders-of-magnitude 
(Anderson and Brown, 1981). 

All of these studies were conducted in the laboratory 
with simulated 1eachates from particular types of wastes and 
under particular testing conditions. The danger of blindly 
applying these test results to a field situation have been 
noted recently by Gray and Stoll (1983). It is essential to 
ask the following before the results of these lab tests can 
be applied to a given field situation: 

1. What was the nature of the leachate in the lab tests? 
What are the concentrations of various constituents 
in the leachate in the field as opposed to the lab 
tests? How relevant are the lab test results in the 
light of potentially large differences in leachate 
composition (lab vs. field)? ' 

2. How did the leachate contact or interact with the clay 
in the lab tests? Was it forced through? If so, at 
what gradient?. Is there any prospect that the leachate 
will be able to penetrate/permeate through the clay 
containment in the field in like manner? In other words 
are the necessary gradients and other conditions present 
to permit this to happen? 

3. What was the failure or clay degradation process by 
which the a arent ermeabilit· increase occured in 
the lab tests? Was ~t by a dissqlution, b) syneresis, 
c) piping? Could these mechanisms reasonably occur 
in the field given the type, water content, and density 
of the in-situ clay plus the nature and concentration 
of organic and inorganic compounds in the leachate? 

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE 

The types, composition, and relative amounts of wastes 
placed in the Type II Solid Waste Landfill at Allen Park are 
shown in Tables 3 and 4. The results of typical E.P.T leachate 
tests on these wastes are shown in Table 5. The likely nature 
and composition of the landfill leachate can be estimated from this 
information. This estimate is adequate for purposes of evaluating 
the probable effect of the leachate on clay permeability. 
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TABLE 3. ALLE~ PARX CLAY MINE - SOLID WASTE LANDFILL CONSTITUENTS / 

Fly Ash 

IDAst Furr..a~e ?; 1 ter cake 

Constru~tion Debris - SweepL~gs - Clean-Up 

Foundry Se.::i 

~ e.nd Coke 

Coke OVen Dece.::ter Tar Sludge 

Glass 

Wood Ash 

:aJFKish 

Wastewater Treatment Sludge 

Grinding Mu.d ; 

I 

50'/> 

15i 

14i 

6i 
fll, 

4.8% 

3i 

o.fff, 

0.5~ 

0.5% 

0.3'/> 

0.2~ 

. O.l~ 



rr lo>lc 

I !"ttn 
Carll on 
Arsrnlc 
Barh"' 
C•dmlum 
Chronl u• 

I l .. d I-' 
()) Mercury \Jl 

' Srlenlurn 
S llv~r 
Hang an~~~ 
ZInc 
Phosphoru$ 
Sulfur 
C.l c ""' 
""'""r<ltM 
A I;, t nurn 
Silicon 
Pot as<"'"' 
Sod I""' 
fluodl"'e 
Cyanlri~ 
l'henol 
N•phth~lrn~ 

\ 

TABLE 4. ALLEN PAR~ CLAY MINE WASTES, TYPICAL AS RECEIVED ANALYSES (mg/kgm), 

o~centeo· Tank tl ~drlc Arc Oint rurn. r.~r rlur Pint rurn. roundry 
!!.0' urlg_e _ I urn, OuH fiHr llu~ t Uu' t rllter Cnke -~~"~- ~_!!~. V.l$~ Fly A!h -~·· •R.--- --·------------ ------
flo Yo•<(Zu,rh,Cil) Ho Nn llo ''" 1/o [W•III 

........... J50,000 m,ooo 560,00(' !50,000 1,200 ~90,000 34,500 ......... •1,700 520,000 1,~00 ~(1.1,000 6,600 240,000 1'14,000 

........... ~~o 19 . az . z 70 1U ........... . .......... •I d •l 20 < l cl ......... 

.......... 95 <I ~0 0 •I ,J ........... 

.......... 500 •I 130 70 •I 60 .. ....... 
'~'11 ,500 <I J,OOO J~O 44 cl .......... ......... 

......... <; <1 'l <I •I d .. ....... 

.......... 120 90 •I cl JS 70 ........ 

.......... {, •I •1 9 •I cl ........... 

.......... J9,000 7,500 10,000 ~.soo 79 2,000 .......... 

.......... 1~0,000 120 n,ooo 400 40 194 ........... 
450 200 190 300 400 • 170 ......... ........ 

........ J,GOO 4 ,!Y.JO 1,600 4,000 200 050 3,100 ........ 61,000 IB ,000 2,000 20,000 60 5110 IJ,IOO ....... 11,000 7' 500 9, GOd IJ,OOO 100 3,~00 s.~oo ......... 2,400 2,200 ,2 J ,700 •2 !,GOO 147,200 _ ....... I 5, 000 20 • .ooo 0,000 RJ,OOO 450,000 25,000 201,700 

.......... 5, 900 9UO 5,000 2,(0~ 170 640 9,700 ........ : .. wo 4~0 2,300 I. 500 J90 630 3,700 
,.., __ 

?6 10 ~J 4 ,! 49 ......... 
14 d d •l 3 <I cl .......... 
! ,BOO d " <I 3 <I 2 ........... 

_ ....... ............ 2,700 . - ......... 

' 

\> 
L 1,..,. bud f-~-~~ .. ~rr_r!._~ ----
No j,\1 

... ......... ~.coo 

... ...... n~o.ooo .. ...... J!i .. ......... 'I .. ........ 'I .. ...... I .. ....... (,9 

.. ........ , I 
........... } 
... ....... !Y .. ....... 10 
... ....... 1!0 
... ....... 9Q 
... ....... 7,)00 
1!4. 700 )~:o 

.......... ;tOO ......... ·l 

.,._ ..... <0,000 

.......... l~O 

.,..,_ .. r~o ...- ..... <I .......... ' ... ....... J 



TABLE IS, JII,Llm PIII!K f:lJIY Mrm; GOLID ~IIIOT8:J 
,'YPir.I\T, E,l','r, f,JW~IIII'l'l~ 'J'gST RE&'Ur:ro (~tdl) 

• 

Iilno ~ Ftu·uncc ~W Flue Jll.U!J ~ Jo'Ul'IIUCC Fount! ry OOF 
rurumctr~·· ~·llw Dur;t f)lO t l•'l.lter Cnkc Sand Kish 

Arsenic 0, 011 0.02 < 0.1 0.03 o.r 

Barium (0.6 < 0.04 < o.a (0.06 ~ o.B 

Cadmium 0.01 0,03 < o.oa (0,005 (0.005 

I Chrom 1tun L O.l I. 0.05 I o,o) 1.. o. l ( 0.1 
f-' 
()) 
0\ 

<o.2 I Lcud l 0,2 1.'( 1.'( 1.. 0.2 

l·ler·cury o.oour L 0.01 < 0,2 (0.2 (0.2 

[;c 1 c nlurn 1.0 I, O.n.T < o.:• . n. 1 o o,l, 

Silver 1.. 0.1 I. 0,01 < 0,01 (0.1 1.. 0,1 

J 

Wt1 u tf.:wu tc t· 
Coke Tn.n lM.n t 

Dr·cczo r.J Hdr:e 

lO.l .OI.Ifl 

(0.8 • l1:; 

(0.005 .005 

lO,l .101 

~0.2 .u:~5 

-l 0.2 • 1)()\)~ 

L0.5 .•)O:! 

L 0.1 • (It l1 , 

!!ornpih I Ry : ·. T' ·r, 
r;.r·ch I, l" , 

• 

' 
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The data in Tables 3 and 4 indicate that 50 per cent of 
the solid waste consists of relatively inert fly ash and that 
some 89 per cent of the wastes consist of materials that do 
not contain significant amounts of heavy metals (Zn, Pb, Cd) 
or organics known or suspected to be toxic such phenol and 
naphthalene (see Table 4). The coke oven decanter tar sludge 
is a possible source of organics (phenol and napthalene), but 
this waste comprises only 0.6 per cent of the total stream in 
the Type II Solid Waste landfill. 

C. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY 
PERMEABILITY AT ALLEN PARK SITE 

Anderson.and Brown (1981) found that several organic 
liquids, viz., aniline, acetone, ethylene glycol, heptane, 
and xylene, cause large increases in permeability of four com
pacted clay soils. Pure organic liquids were used in their 
study. One of the authors (Anderson, 1982) later emphasized 
that their results cannot be used to support claims that clay 

.liners permeated by d~lute organic liquids may be susceptible 
to large permeability increases. 

Haxo (1981) reported results of up to 52 months of liner. 
exposure to selected industrial wastes. He included several 
organic wastes, namely, aromatic oil, Oil pond 104, and a 
pesticide. The results of large permeameter tests on a compacted 
fine-grained soil and admixed materials are summarized in ' 
Table 6. Although a small amount of seepage passed through 
the compacted, fine-grained soil liner, no permeability increases 
were reported with any of the organic wastes. 

On the basis of the"se studies and with the caveats noted 
at the beginning of this section in mind, it is possible to 
evaluate the likely effect of the landfill leachate on clay 
permeability at the Allen Park site. 

l. Type II Solid Waste Landfill 

As noted previously the existing landfill contains 
small quantities of coke oven decanter tar sludge which 
is a possible source of organics (phenol and 
naphthalene), but this waste comprises only 0.6 per 
cent of the total. Phenol and naphthalene are present 
in the tar component of this waste in concentrations 
estimated by Desha (1946) of 0.1 and 2.2 per cent by 
weight respectively. Accor.iingly, the amount of phenol 
and naphthalene present in the total waste stream are 
.006 and .013 per cent by weight respectively. These 
amounts constitute a very low fraction and they suggest 
that leachate from the total waste stream will tend to 
have very low concentrations of phenol and napthalene. 
Therefore, the organics in the leachate from the Type 
II Solid Waste landfill are quite unlikely to affect 
clay permeability. 
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TABLE 6, EFFECTS OF INDUSTRIAL WASTES ON SOIL AND ADMIX LINERS 
(from ~axo, 1981) 

Liner 
materiol 

Compacted 
ftne-Jr•lned toll 
305 mm thick 

Soli cement 
IOOmm thick 

Modified bentonite 
ond sand (2 types) 
127mm thick 

Hydraulic asphalt 
concrete 
64mm thick 

Spray-on asphalt 
and fabric 
8mm thick 

Addle wute 
(HNO,, HP, llOAC) 

Not tested 

Nottesttd 

Not tested 

·Failed 

Not tested 

'From d1t1 ptelenltd by Huo (1981). 
tso""' u (o). 
tsame., (b). 

Lead 
(low lud sao 

w15hlng) 

Oily waste Alkaline waste 
(spent coustlc) 

Measurable rate or seepage 
IJ, • J0- 10-J0-9 m/1, WI.UC 

penetrated 3-5 con afler 30 months (•) 

Ammnllc oll 

l•1.8 )( 10-IO 

l•2.4>< t!r10 

l•2.6X l!r10 

(tests on soil 
afler 30 months) 

Oil pond 104 

t 

No measurable aeepoge af'ter 30 months 

Meuurable seepage afler 30 month!, channelling or waste 
Into bentonite (b) 

Satisfactory 

Sati!(actory 

Wa&le slalns 
below liner 
upholl mushy 

Wasle stains 
below liner 

Not tested 

Not tested 

Failed 
(waste seepage 
through liner) 

Not tested 

Not tested 

Pesticide 
(weed killer) 

t 

* 
Satlsractory 

Satisractory 



. . 
. ' 

1l 

2. Type I Hazardous Waste Landfill 

In the future the decanter tar sludge will be 
placed in a separate landfill that will be upgraded to 
accept hazardous wastes. This action will increase the 
relative proportion of organics (phenol and 
naphthalene) in the waste stream. Leachate tests run 
on pvre samples of decanter tar sludge using a 
dist~lled water extraction procedure (Calspan, 1977) 
have produced phenol concentrations of approximately 
500 ppm. Even this concentration is far removed from 
the very high concentrations of organic solvents used 
by Anderson and Brown (1981) in their permeability 
tests on dif~erent clays. Accordingly, organics in the 
leachate f~om the Type I Hazardous Waste landfill are 
also unlikely to affect clay permeability. 

In summary: It does not appear likely nor reasonable that organics present in the wastes at the Allen Park Clay Mine/Landfill will cause a permeability increase given their low concentration and the absence of any substantiation in the published technical literature for such an increase under these conditions. 
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IV. CONCL':JSIONS 

(1). There appears to be very little likelihood of leachate migrating downward from the Allen Park Clay Mine/Landfill and contaminating the aquifer beneath the clay. 

(2). A density difference between the leachate and groundwater will have little or no influence on hydraulic permeability or downward migration nor will it lead to diffusion efflux of solutes. A thick, uniform bed of silty clay beneath the site coupled with an upward hydraulic gradient precludes the latter. Calculations and analyses are provided herein to support this finding. 

(3). Comparison with results of salt water intrusion studies across clay aquitards having similar properties as the clay beneath the Allen Park Clay Mine site show that the solute (salt) will take at least BOO years to migrate across a clay barrier" 30 feet thick under chemico-osmotic gradients alone. A counter (or upward) hydraulic gradient will increase this breakthrough time even more. 

(4). The waste and-its leachate are unlikely to increase the permeability of the underlying clay. This claim is reasonable in view of the low concentrations of organics in the total, waste stream and in the light of the findings and caveats of permeability/exposure tests with organic permeants reported in the technical literature. This conclusion applies to both• the existing Type.II Solid Waste landfill and a proposed Type I Hazardous Waste ~andfill that will accept the coke oven decanter tar sludge. 

(5). The composition of the waste and underlying clay do not suggest properties or combination of properties that could lead to a containment failure caused by such processes as piping, acid/base dissolution, or syneresis. 

(6). Under these circumstances any observed increase in contaminant levels of monitor wells in the aquifer underlying the site could just as well come from other sources laterally upgradient from the site rather than from the clay mine/landfill above the site. 

{7). These findings and conc~usions support the basis of ap~licant•s petition for discontinuing further monitoring of the wells penetrating the aquifer beneath the site. 
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C,IVfllov m~,l/.,... /N:r.:.£(1..,-ry oF ~{JI'l,. 

Mr. Mark Young 
Wayne Disposal.Company 

P.O. Box 5187 
Dearborn, MI 46128 

RE: Allen Park Clay Mi~e/Landfill 

Dear Mark: 

Ct..-?}' .n/.-vF / ,;.~N b ,r,._,_ 
1704 Horton Street 

. Ann Arbor, Michigan 
46104 

f 

25 Septerr~r 1983 

f ,. 

I recently wrote a computer program (*CLAYWALL*) that can be 
used to calculate solute transport across a clay barrier under 
combined diffusion and advection (hydraulic flov). The pro
gram computes the exit/source conce11tration ratio (C/Co) as a 

function of elapsed time (t) on the do•~strearo side of a clay 
vall or barrier of thickness (X). 

.:~- ~·· 

The program vas written vith a clay slurry cut-off wall 
but is general enough .that it can be used vi th any clay 
or barrier. The input parameters to the program are: 

- ~~-~ :- -":: 
in mind, 
layer 

l. ~ = efffective diffusion coefficient, ft /yr 
K = hydraulic permeability, ft/yr 
X =thickness of vall or barrier, ft 

P = porosity 
I =hydraulic gradient ••• (+) if same direction, 

(-) if opposite direction to solute concen
tration gradient 

t = elapsed time, yrs 

The program is based on the solution to the equation that des
cribes one-dimensional solute transport in a saturated porous 
medium under both hydraulic and solute concentration gradients. 
This equation has the following form: 

•, -....- ~ 
-:•,_-. 

C/Co = 0.5[erfc( (X-vt)/sqr(4~)) + exp(vX/D) erfc((X+vt)/sqr(4~))] 

vhere: v = ave seepage velucity = (KI/P) 

The solution assumes the following conditions: 

1. Saturated, one-dimensional flov. 

2. No reaction between solutes and porous ~edium. 
typically behaves this way. 
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3. Diffusion controlled, i.e., the pore vater velocity is so loY that mechanical mixing is negligible and the dispersion is· equal to the effective diffusion coeffficient. (this condition is satisfied when K< l.~E-07. 
I ran the program using data for the silty clay layer underlying the Allen Park ClayHine/Landfill. The following values for the input data were used: 

D = 0.102 n"/yr (6.3E-05 ~ ' em /f?ec) (published value for clay tills) R .. 0.025 ft/yr (2.5E-08 em/sec) 
X "' 30 ft. 
p = 30% 
I = -0.1,-0.3, and -l.O 

The results of the analysis are shown in the attached graph. At .a counter hydraulic gradient of -0.3 the exit/source solute concentration ratio does not exceed 0.0001 until 7oo·years have elapsed. You may recall that a counter hydraulic gradient 

.. ~ .. 
·' 

of -0.3 occurs when the leachate is allowed to rise.in the landfill to the ground surfa<;:e ••• a verst case scenario. For larger :;_':o. (negative) counter hydraulic gradients the ratios become even \ · .: smaller. In fact for l < -0.5 (i.e., counter hydraulic gradients ·,• :· laroer than 0.5) the ratio C/Co is less than LOE-05 at all ;.· elapsed times. 

These results confirm the findings of my .earlier report vhich vere based largely on analogy to solute transport studies in clay aquitards. The present findings are based on analysis of actual soil and site parameters. Keep in mind, also, that the analysis is still quite conservative because it neglects possible adsorption (reaction) of solutes vith the clay. 
A copy of the computer program and typical output are enclosed. It is written in BASIC and is designed to be run on a personal computer. If you have any questions about the analysis, please feel free to contact me. 

Sincerely, . 

~.~~y·~ 
Professor of Civil Engineering 

Encl 
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run ,.-... 

-.Porosity: 0.3 
Permeability(ft/yt): .025 
Diffusion· Coef(ft /yr): 0.102 
Wall Thickness: 30 
Hydraulic Gradient: -0.3 
Time(yrs) 1 500 

.j 

,......._ 
• 

-------------------------------------------------~----· 
let Argument(Yl)is: .. 2.9756 
1st Error Function is: 0.9999 
2nd Argurnent(Y2)is: 1.22525 

·2nd Error Function is: 0.9173 
'Exit/Source Concentration Ratio (C/Co)is: 

( 

-------------------------------------------------r-----
Continue Calculations (y/n) ? y 

Thne(yrs): 750 

------------------------------------------------------
lst Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

Continue Calculations (y/n) ? y 

Time(yrs): 1000 

lst Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

Continue Calculations (y/n) ? y 

Tirne(yrs): 2000 

2.78685 
0.99979 
0.64312 
0.63658 

(C/Co)is: 

2. 72291 
0.99973 
0 •. 24754 
0.27:399 

(C/Co)is: 

------------------------------------------------------
lst Argument(Yl)is: 
lst Error FQ~ction is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.80056 
0.9998 
-0.70014. 
0 

(C/Co)is: 

-------------------------------------------------------
Continue Calculations (y/n).? y 

Time(yrs): 5000 

------------------------------------------------------
lst A.rgurnent(Yl)is: 
lst Error FQ~ction is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

3.43176 
0.99998 
-2.10334 
0 . 

(C/Co)is: 

-------------------------------------------------------
Continue Calculations (y/n) ? n 
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1704 Morton Street 
Ann Arbor, MI 48104 

16 February 1984 

Mr. David s. Miller 
Mining Properties Department 

2J Rouge Steel Company 
3001 Miller Road 
Dearborn, MI 48121 

RE: Allen Park Clay Mine/Landfill 

Dear Dave: 

I have reviewed the memorandum dated January 
Terry McNiel, Technical Services Section, to 
Compliance Section, Detroit District, MDNR. 
essentially raises the following objections 
and.conclusions in my report, viz., 

23, 1984, from 
Larry Aubuchon, 
The memorandum 

to the findings 

Objection 1. There is no substantiation nor literature cita
tions to show that organics present in the waste will not in
crease permeability. 

Objection 2. The presence and possible effects of napthalene 
in the waste are disregarded. 

Objection 3. Uncertainties remain about the actual composition 
and likely nature of the leachate. 

Objection 4. The report does not address the question of com
patibility between the following: 

a) Leachate and leachate collection system components 
b) Generated gases and clay cap. 

In the opinion of the MDNR reviewer Objections 1,2,and 3 
taken together mean that Specific Condition S.A.4 (a) of Act 
64 license is not satisfied. The reviewer goes on to say, 
however, that they (MDNR) would accept compatibility testing 
between actual leachate being generated and the on-site clay 
being used for containment. I will respond herein to these 
stated objections and opinion. Objection 4 which pertains to 
Specific Condition S.A.4 (b) and (c) is c·.Jtside the scope and 
original charg~ of my investigation. 

Objection 1 is a version of the "guilty until proved innocent" 
syndrome. I understand and even sympathize with this approach 
in matters which deal with the release of potentially hazardous 
substances into the enviro~~ent. There is, however, considerable 
substantiation in the published technical literature for the 
contention that organics present in low concentrations in aequous 
leachate will not increase the permeability of dense clays. 
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Leachate permeability tests on sand-clay columns packed to bulk 
densities within the range of densities of natural clays (Cart
wright et al., 1977) have shown that permeability actually 
decreased with passage of leachate (containing organics). These 
tests were continued for periods up to nine months. Decreases 
were even more pronounced for raw, unsterilized leachate. In 
addition to permeability reduction from the passage of leachate, 
Griffin and Shimp (1976) have shown that heavy metal ions (Pb, 
Zn, Cd, Hg) are strongly attenuated by clay. Organics that 
were present in the leachate were only moderately attenuated 
by the clay; they did not increase hydraulic conductivity. 
We have also conducted long term leachate permeability tests 
ourselves on a silty clay almost identical in composition to 
the clay underlying the Allen Park Clay Mine/Landfill site 
(Gray, 1982) and found the same results, i.e., no increase in 
permeability was observed. A chemical analysis of the leachates 
used in all these permeability tests is attached. Note the 
presence of napthalene in one of the leachates--a constituent 
whose presence and influence the MDNR reviewer claimed. we had 
not considered. fNote: Cited references are listed in an 
attachment to this letter report.] 

It is important to emphasize again the fact that leachate per
meability tests conducted by Anderson (1982) are totaly unrepre
sentative of conditions at the Allen Park site. These tests 
are often cited as an example of the deleterious influence of 
organic solvents on clay liner permeability. Anderson's tests 
are unrepresentative and irrelevant for the following reasons: 

1. He used pure organic solvents. The leachate at the 
Allen Park Clay Mine/Landfill will be an aequous extract 
containing very low concentrations of organics. 

2. He forced the solvents throuah clays at extremelv 
high, positive aradients. Anderson used positive grad
ients ranging from 60 to 300. At the Allen Park site 
there ~11 be negative (reverse) gradients ranging on 
the order of -0.3 (worst case) to -2.7. 

Other objections can also be cited in regard to Anderson's test 
procedures and results. He used a rigid wall permeameter which 
permits channeling between sample and container. The recommended 
procedure to avoid this potential problem is to use a flexible, 
pressurized jacket. Large reported increases in permeability 
should be viewed with some skepticism when rigid wall rermea
meters have been employed. 

Green et al. (1981) have investigated in great detail the char
ateristics-0f oraanic solvents that affect their rate of movement 
(permeability) in compacted clay. They measured the equilibrilli~ 
permeability of three clays ( a clay shale, a fire clay, and 
kaolinite) to the following solvents: benzene, xylene, carbon 
tetrachloride, trichloroethylene, acetone, methanol, glycerol, 
and water. Their study showed that it is the hydrophilic or 
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hydrophobic nature of the solvent (as measured by the octanol/ 
water partitioning coefficient or roughly by the dielectric 
constant) and not the viscosity/density ratio that is important 
in predicting a solvents rate of flow through clays. According 
to their findings water, which has a high dielectric constant, 
always exhibited the highest permeability. In addition, they 
found that the packed clay density is crucial in de~ermining 
how permeable a clay will be to a given solvent. At high bulk 
densities ( on the order of 115 pcf or 1.85 g/cc) the solvent 
characteristics became less important in differentiating per
meability response. 

Green et al. (1981) also observed that solvents of low dielec
tric constant (e.g. xylene and carbon tetrachloride) tended 
to cause shrinkage and cracking of some of the clays. This 
phenomenon, known as syneresis, can and eventually did cause 
an apparent permeability increase in some of the clays that 
were tested. The same phenomenon was reported by Anderson(1982) 
in some of his experiments. It must be emphasized again, 
however, that the .effect has only been observed and reported 
when several pore volumes of pure, low-dielectric organic solvents 
are forced at very high gradients through clay columns. These 
conditions simply do not occur at the Allen Park Clay Mine/Land
fill site. 

On the contrary, the conditions at the Allen Park site are ideal 
for effective containment, viz., 

1. The site is underlain by a thick (X~ 25 ft) section 
of dense, competent silty clay ( ~ = 115 pcf) wJ-th 
a very low hydraulic conductivity ( k = 2 x 10- em/sec) 

2. A negative hydraulic gradient exists at the site as 
result of artesian conditions in the underlying aquifer. 
Even under worst case assumptions (viz., leachate levels 
rising to the top of the landfill) a negative gradient 
of -0.3 will still be present. 

3. The leachate consists of very low concentrations of 
organic and inorganic solutes in an aqueous solution 
as opposed to a pure solvent. 

Under these conditions advective transport or· hydraulic seepage 
ceases to dominate pollutant movement across a clay barrier 
(see Gilbert and Cherry, 1983) Tallard, 1984) Instead, diffu
sion under chemica~ concentration gradients be=omes more impor
tant, and it is this transport mechanism that must be evaluated 
carefully. I have dealt with this problem both in my original 
report and in my subsequent letter report to Mr. Mark Young, 
Wayne Disposal, Inc., dated 25 September 1983. I showed that 
even under worst case assumptions of no partitioning or attenua
tion of pollutants and minimum, negative hydraulic gradients 
breakthrought times would be on the order of thousands of years. 
Interestingly, if the calculations are repeated allowing the 
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hydraulic conductivity or permeability to double or even triple, 
the breakthrough time increase even more because now the counter 
advective flow is more effective in opposing the downward diffu
sion of solutes along their concentration gradient. 

I come now to the MDNR comments about requiring compatibility 
testing (whatever that means) between actual leachate and the 
clay liner material. Unfortunately, the procedure, rationale, 
etc. for such tests are not specified. What is being required 
••• that the leachate be forced under high hydraulic gradients 
through a thin sample of the silty clay? The results or signi
ficance of such a test would be ambiguous at best and meaning
less at worst in this case. In my opinion, such tests would 
be an exercise in futility and irrelevance given the condition 
and circumstances at the Allen Park Clay Mine/Landfill site. • 

Breakthrough times in diffusion controlled transport are 
extremely sensitive to thickness of the barrier. In order 
to replicate conditions in the field at Allen Park, compatibi
lity or flow tests should be run on a sample column 25 feet high 
under a negative gradient no less than -0.3. After a wait time 
of thousands of years such a test would merely confirm what 
is ~lready demonstrable. 

It is my professional opinion that in this instance the require
ment for compatibility testing and concern over permeability 
is a diversion from the real issue which is the likelihood of 
diffusion transport of solute across the clay. I have shown 
that this will not be a problem at the Allen Park Clay Mine/ 
Landfill site because of the thickness, competency, and density 
of the underlying clay together with the existence of a negative 
gradient. 

I find it baffling that MDNR can approve a thin, clay slurry 
wall for a toxic waste site (see Consent Judgment, U.S. District 
Court, U.S. Envl. Protection Agency and The State of Michigan, 
Plaintiffs, vs. Velsicol Chemical Corp., Defendant) based on 
meagre and inadequate evaluation whilst insisting on irrelevant 
tests for a thick, natural clay containment system at Allen 
Park that is ideal in nearly every respect. 

Sincerely, 

CD~~-~~r:;r 
Professor of Civil Engineering 

Attachments 
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ATTACHMENT NO 2 

Table 2. Chemical Analysis of Landfill Leachates 

DuPage County Wayne Disposal 
Analysis Landfill-mg/1 Landfill-mg/1 

Na 748 3400 
K 501 

Ca 47 46 
Mg 233 370 

Cu <O. 1 0.55 
Zn 18.8 5.0 
Pb. 4.46 0.91 
Cd l. 95 0.10 
Ni 0.3 0.40 
Hg 0.0008 0.010 
Cr <O.l 0.31 
Fe 4.2 7. 77 
Mn <O. I 
Al <O.l 

NH4 862 1540 
1. As 0. 11 0.0044 

B 29.9 (0.005 
Si 14.9 

Cl 3484 5800 
so4 <O. 1 200 
N03 <O. 1 

HC03 6920 

COD 1340 2160 
TOC 2500 
TSS 512 

pH 6.9 7.6 
Spec. Cond. (mmhos/cm) 10.2 28.0 
Equiv. TDS 6528 17,920 
Organics: 

organic acids (phenol) 0.3 3.6 
toluene 0.45 
napthalene 0.44 
chlorobenzene 0.008 
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Rouge Steel Company 
Division of Mining P1·operties 
3001 Miller Road 
P.O. Box 1699 
Dearbor, Mi 48121 

Attention: Mr. David Miller 

June 1 7, 1982 

Re: Allen Park Clay Mine Seismic Survey 

Dear Mr. Miller: 

E<HIBIT E 

( 

2500 PAC:KARO RO., SUITE. ~106 

ANN A!:tBCR, MICHIGAN 4010<4 

As per your request a seismic study was performed at the Allen 

Park Clay Mine area in Allen Park, Michigan. The purpose of this study 

was an attempt to determine the depth to bedrock in the area immediately 

below the excavated pit at the disposal area. 

Keeping consistent with previous seismic work accomplished in 

the a1·ea these stations were numbered 4, 5 and 6. Stations 4 and 5 were 

completed on the excavated pit floor, 4 being on the eastern half and 5 on 

the western side of the pit floor, with station 6 dir€ctly to the north of the 

pit up on approximately the existing surface elevation, some 30 to 40 feet 

above the pit floor. Plots of the data collected are included and indicate 

both the velocities of the layers and the depths to the layer interfaces. 

Station 4 resulted in the best data collected at the site, and 

shows a three-layer case. A low velocity (1428 ft/sec) layer is underlain 

by a very consistent layer with a velocity of 5233 ftlsec, extending to a 

depth of 57 feet below t.he pit floor where it is underlain by a much higher 

velocity (12,808 ftlsec) layer. These values are very typical of a dense 

clay layer unde1·lain by a hard limestone type material. The rather good 

fit of the data to a line would indicate very consistent materials, however, 

the irregularities near the 57 foot contact indicate that this interface is not 

as sharp a transition and hence it represents more of a minimum depth to 

this interface. 

At Station 5 area surface topography was rough and inconsistent 

which resulted in limited data being collected. In one area a very ste<ep 

.... ..- depression was encountered on the su ·face which the shock wave source 

worked in. This abrupt lowering of the elevation causes a decrease in the 

time it takes to the shock wave to travel through the subsurface. There

fore, the best fit line was drawn through only those points where the shock 

wave source was at the app1·oximate same elevation. Had the elevation been 

consistent, the travel times fo1· those distances, which were lower, would have 

teen increased in the direction towards this line. 

-202-. 
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Station 5 showed ~ppmximately the same subsurface conditions as 

did 11, with a depth to the bedrock being indicated at 70 (eet below the pit 
floor. St<Jtion 6 was .run at a much higher elevation than that of the pit 

fl::oor, and very soft wet surface conditions were found. These types of 

sudace conditions do not allow for seismic shock waves to propagate as 

the rr.Qterial tends to absorb much of the energy and transmit this enet·gy 
directly across the surface rather than down into the earth. This data 

indicates again a 1·ather consistent layc1· with a velocity typical of a dense 
clay. As a rule of thumb, seismic tests measure in depth roughly one-third 

the distance from the energy sow·ce to the geophone. Using this rule the 
limits of our data would be to a depth of approximately 45 feet for the clay 

layer and would obviously extend until the next layer is encountered. 

We hope that this information is useful to you. If any further 

inio1·mation on subsudace conditions is needed, it should be noted that 
the1·e is enough room in the bottom of the excavated pit for an electrical 

resistivity test to be run. The problems caused by surface conditions 
could be avoided and with the large contrast in the subsurface materials 

this test would most likely work well. 

If we can be of any further assistance, please let us know. 

Very truly yours, 

L. M. MILLER & ASSOCIATES 

~p~ _/ ,', 1•.,! 
I/··,...._,:.;(;::; ' ' :. (.t .jn ·._ 

TimothY' P. Wilson, Geologist 

TPW:hrh 

Attachments as mentioned above. 
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MICHIGAN TESTING 
( 

ENGlNEtRS, 

24355 CAPITOL AVENUE • DETROIT, MICHIGAN 48239 

PHONE: (3131 255-4200 

June 25, 1982 

SOILS EXPLORATIONS AND FOUNDATION ENGINEERING 

MATERIALS lEST lNG AND INSPECTION 

NON·DESTRUCTI\IE TESTING ond MATERIALS EVALUATION 

~lichigan Department of Natural Resources 

Resource Recovery Division 

P.O. Box 30028 
Lansing, Michigan 4 8\!09 

Attn: Mr. James Janiczek 

Subject: 1\llen Park Clay ~line 

1\llen l':orJ.., ~lichigan 

~!l'E File !406-15046 

Gentlemen: 

EXHIBIT F 

INC. 

As requested, ~>C have revielied the ohove referenced fi lc to determine 

the degree of saturation of the subsoils on the site. 

The follo~>ing basic soil relationships l'ere used in this revi e1,·: 

Where: 

wGs 
e-s = 

e = Gs 
i' d -1 

w = Ww 
ws 

s = de~ree o[ s~tur~tion (';) 

w = mo'isture content of soil ( %) 

e = void ratio 

Ww = weight o( Hater 

Ws • weight of solicls 

fd =dry unit ~->eight of soil 

G5 = specific grnvity of solids 

(assumed to be 2.65 to 2.68) 

Utili;:'in'g these procedures, our calculDtions inciic;Jte the gray silty 

clays on the Allen Park Clay Mine 'to be 100% saturated. 
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~lr. James Jani czek 2 June 25, 1982 

If there are any questions, please do not hesitate to call. 

RD/ksb 

cc: D. Miller, Ford Motor Company 
W. Too1yn, Wayne Disposal 

Very truly yours, 

~t:zJs2J~££1~ INC. 

Kandall DeRuiter 
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DEPARTMENT OF NATURAL RESOURCES 
· HOWARD A TANt>;ER. Ot~eclor 

CHM1LES G YOUN!>lOVf 

• 

November 4, 1981 

Mr . Marshall Austin 
Michigan Testing Engineers, Inc. 
24355 Capitol Avenue 
Detroit, Michigan 48239 

RE : Permeability testing of clay soils 

Allen Park Clay Mine; Allen Park, Michigan 

Wayne County 

Dear Marshall: 

EXHIBIT G 
R( ~OIH1C( nr COY£ ny C:O ...... ISSION 

111t '"'"~.I Ul I SSifiG . J'l 
•t flrn f M f\1 HU(I~ 

At·HI r ';II( I W"~t ,I 

J'AMllAA l lll ll.t;l 

c ('1'1[51 ~I~'" 

.I(HIN W lAYf ... At' 

cur tD'IO '-''I r s 
STIIAnl 0 PAONOS 

RO(;f R RASI.AIJSS£ N 

JAI.AES SlORNANT 

MICHAEL l Will~ lNG 1 ON 

RESOUnCE RECOVERY DIVI SION 

r o oox J•l07n 
L)IN<;ING M l •A~O~ 

AOMIN IST n•TIONI AESOUACE 

RECOVERY SECTION 

$17/373 05•0 

PLANN ING SECTION/ 

HAUFIOOUS WAliTE SECTION 

$11/373· 1& 18 

GEOLOGY SECTION 

$17/ 373·090 7 

Based on the review of the soil tests performed (grain size analysis, 

at terberg limits and permeability) on the clay at the Allen Park Clay 

!-line Landfill, it is the feeling of this office that the materials are 

uniform enough that no further permeability testing will be required. 

This port~on of our evaluation has been satisfied with the information 

submitted. 

If you have any questions, please feel free to cal l. 

Very truly yours, 

·RESOURCE RECO 

JJ:nm 

cc: Shakir/Bclobrnidich 
Hark Young, Wayne Disposal 

,-.¥-· Wayne County Health Department 
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~T-1 NEYER, TISEO & HINDO, LTD. 
CONSULTING ENGINEERS AND GEOLOGISTS 
30999 Ten Mile Road • Farmington Hills, Michigan 48024 • (313) 471-0750 

REPORT ON PIEZOMETER INSTALLATION 

PROJECT NO : 84185 CM 

DESIQ.TATION: Allen Park Clay Mine Landfill 

LOCATION: Allen Park, Michigan 

OHNER : Ford r1otor Company 

DATE: March 29, 1985 
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March 29, 1985 
Project No. 84185 OW 

Mr. David s. Miller 
Mining Properties Department 
Rouge Steel Company 
3001 Miller Road 
Dearborn, Michigan 48121 

RE: Vertical Hydraulic Gradients 
Allen Park Clay Mine Landfill 

Dear Mr. Miller: 

M V MATHERS 
FERNANDO SOUTO 

ROBERT F GORMAN 
GERALD J. HILL 

STEVEN W. HUNT 
HARRY R PRICE 

JAMES M SHOVEL Y 
J_ M_ SMALLEY 

KEITH M_ SWAFFAR 

In accordance with your request, we have completed the instal
lation of piezometers and the evaluation of the hydraulic 
gradients in the natural clay deposit at the Allen Park Clay 
Mine Landfill. This work was performed in general accordance 
with our proposal, dated October 22, 1984, and was authorized 
by you on January 16, 1985. The information, evaluations and 
conclusions presented herein have been prepared according to 
generally accepted geotechnical engineering practices and are 
provided for the exclusive use of the Ford Motor Company, the 
u.s. Environmental Protection Agency and the Michigan Depart
ment of Natural Resources. 

BACKGROUND 

The general subsoil profile at the site consists of an upper 
sand, replaced by fill in some areas, underlain by an extensive 
silty clay deposit which is, in turn, underlain by a lower sand 
deposit. This lower sand is sometimes found in conjunction 
with a highly overconsolidated clayey silt deposit, locally 
termed hardpan. On the basis of the information obtained 
during the piezometer installation described herein as well as 
information presented in a report entitled Hydrogeologic Study
Allen Park Clay Mine, by Michigan Testing Eng1.neers {MTE) and 
dated November 24, 1981, the thickness of these deposits at the 
location of the three piezometer nest locations can be des
cribed as follows: 

Upper Sands - 3 to 7 feet 
Silty Clay - 65 to 70 feet 
Lower Sands - 3 to 6 feet or more 

Groundwater levels have been monitored in the upper and lower 
sands at the site for at least several years {MTE, 1981). 
These levels indicate that there is a saturated zone in the 
upper sand, at least on a seasonal basis. The lower sand 
contains groundwater under artesian pressure, with piezometric 
levels at or above the ground surface. 

GEOTECHNICAL· HYDROGEOLOGICAL· ROOFING· AND CONSTRUCTION MATERIALS CONSULTANTS 
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Mr. David s. Miller 
March 29, 1985 
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Based upon these data, an upward hydraulic flow gradient has 
been considered by Rouge Steel Company (in permit submittals) 
to exist at the site. In other words, groundwater apparently 
flows from the lower sand upward through the clay deposit to 
the upper sand. Michigan Department of Natural Resources 
(MDNR) staff have requested that the existence and direction of 
natural flow gradients within the clay deposit at the site be 
confirmed with the use of three piezometer nests wherein 
piezometric pressures at various depths within the clay 
deposit would be monitored. Because of this request by MDNR 
staff, Rouge Steel Company retained Neyer, Tiseo & Hindo, Ltd. 
(NTH) to install and monitor such a piezometer system. 

PIEZOMETER SYSTEM 

The piezometer system consists of a piezometer installed near 
the top, middle and base of the natural clay deposit beneath 
the site. This grouping of three, considered a "nest", has 
been duplicated at three different locations on the site, 
resulting in a total of nine piezometers set in the clay 
deposit. Each nest is located near an existing monitoring well 
pair, consisting of a shallow and a deep well. Their approxi
mate locations are presented on the Piezometer Nest Location 
Plan, Plate 1. Each piezometer is identified first by the 
number of the well pair and second by position in the nest, 1 
indicating deep with 3 being shallow. 

The drilling and piezometer installation was performed by West 
Michigan Drilling during the period of February 13 through 
February 20, 1985 under the full-time supervision of personnel 
from NTH. Ground surface and top of casing elevations have 
been provided by Rouge Steel Company. 

A trailer-mounted CME-55 drilling rig with 8-inch diameter 
hollow-stem augers was used to drill the piezometer holes. A 
limited number of soil samples were recovered to identify the 
depth of the upper sand/clay interface and to verify the soil 
type at the placement depth. The locations of samples re
covered are reported on the logs. 

Soil conditions encountered in the test borings were visually 
evaluated in the field and are presented on the individual Logs 
of Piezometer Installation, Figures 1 through 9. In addi
tion, the logs present data relating to drilling methods, 
personnel involved and grouting procedures. The stratification 
lines shown on the logs represent the approximate boundary 
between soil types but the transition may be gradual. General 
Notes describing the nomenclature used in the logs are also 
included herein as Exhibit 1. 

The general procedure for the 
drilling down to a depth of 

piezometer installation involved 
one foot below the desired tip 

r--T-1 NEYER, TISEO & HINDO, LTD. 
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placement elevation. A sample was taken at this point to 
verify the characteristics of the soil within which the piezo
meter was to be installed. The augers were then removed 
until only ten or fifteen feet remained in the hole. Silica 
sand was then poured into the bottom of the hole until the sand 
backfill reached the desired tip elevation. The piezometer was 
inserted and an additional two to three feet of the hole was 
filled with sand. Bentonite pellets were placed to provide a 
seal, in some cases, and the hole was then grouted to the 
ground surface with non-shrinking cement grout. A four foot 
section of 5-inch diameter Schedule 40 PVC casing was posi
tioned at the ground surface to protect the leads of the 
piezometers. 

The piezometers are pore-pressure transducers which convert 
fluid pressure in the soil to pneumatic pressure which can be 
monitored at the ground surface using a compressed nitrogen 
source. They are a pneumatic, diaphragm type with a Norton 
Alundum filter and triple tubing and are manufactured by SINCO, 
Model No. 514178. 

PIEZOMETRIC DATA EVALUATION 

The piezometers and associated well pairs were monitored by 
personnel from NTH on several occasions. This data is pre
sented in Table 1. The data obtained on the last date shown in 
Table 1 indicates that the pore water pressures adjacent to 
each piezometer had achieved near-equilibrium or stability 
after having been temporarily disturbed during drilling for the 
piezometer installations. This latter set of data has there
fore been chosen for presentation in Plates 2 through 4, 
entitled Piezometric Data Illustration, Nest No. 2, 5 and 10, 
respectively. Note that in preparation of these illustrations, 
the shallow wells have been depicted as yielding water levels 
representative of the water levels in the upper sand even 
though they were completed in clay. This is considered appro
priate because the available data (MTE, 1981) on these shallow 
wells indicates that they were constructed with a sand-filled 
borehole annulus, thus effecting a hydraulic connection between 
the upper sand and the shallow well screens. In addition, the 
upper sand and lower granular deposits were assumed to possess 
little or no vertical hydraulic gradient. 

Evaluation of the data presented on Plates 2 through 4 yields 
several important observations: 

• A pronounced upward hydraulic gradient is apparent at 
all three locations. 

NEYER, TISEO & HINDO, lTD. 





~LE 1: PIEZOMETRIC ELEIIATICNS 
ALLEN PARK ClAY MINE U\NDFILL 

ALLEN PARK, MIOUGAN 

m-2 m--2 m--5 m--5 m-10 m--10 
Date 2-1 2-2 2-3 Deep Shallow 5-1 5-2 5-3 DeeE Shallow lQ-1 lQ-2 1Q-3 Deep Shallow 

2-15-85 - - - 548.2 580.0 587.1 

2-18-85 - - - 563.4 584.1 590.5 

2-19-85 - - - 568.9 584.6 592.9 541.5 589.4 

2-20-85 578.2 586.9 - 573.3 586.9 591.2 554.0 590.3 582.2 

2-21-85 589.6 588.3 583.3 575.9 586.9 591.2 565.5 590.3 583.6 

2-28-85 - - - 587.4 589.3 • 
3-01-85 593.7 591.0 585.5 586.3 589.1 590.5 591.7 596.5 594.2 590.2 587.0 594.3 590.0 

3-08-85 594.4 591.0 585.8 592.5 590.2 592.4 595.1 591.1 587 .a 

3-11-85 595.1 590.7 586.5 599.7 586.7 594.1 590.9 591.9 604.2 596.4 595.3 591.1 587.4 594.4 589.9 

3-22-85 595.3 591.0 586.7 580.6 596.3 593.2 591.7 595.7 595.5 591. 1 587.4 594.6 588.0 

*Ran out of N2 
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e The upward flow gradient in the clay deposit is very 
nearly 1 inear, suggesting a somewhat homogeneous 
deposit, at least with regard to vertical hydraulic 
conductivity. Similarly, all three locations yield 
upward hydraulic gradients that are of the same 
general magnitude. 

There appears to be some discontinuity of the hydrau
lic gradient with regard to piezometric levels in 
the upper and lower sand, most probably due to 
seasonal variability. 

To elaborate, it can be seen that the estimated upward hydrau
lic gradient in Nest Nos. 2, 5 and 10 are 0.21, 0.11 and 0.20 
ft./ft., respectively, based solely upon the piezometric data 
in the clay deposit. If we estimate the upward hydraulic 
gradient on the basis of the piezometric levels in the upper 
and lower sand deposits, these values are 0.19, 0.12, and 0.10, 
respectively. The differences between these two sets of 
hydraulic gradient data may be related to higher than normal 
water levels in the upper sand due to the seasonal weather 
conditions (snowmelt) which preceded the acquisition of the 
subject data. Hence, the hydraulic gradients based upon the 
piezometric data in the clay deposit most probably reflect the 
"normal" conditions, since these piezometric levels should be 
far less responsive to seasonal variations. 

The deep well at Nest No. 10 is yielding water levels lower 
than expected on the basis of the piezometric levels observed 
in the clay. When originally installed in March, 1978, this 
well was reported (MTE, 1981) to exhibit piezometric levels 
near Elevation 602. This would correspond very well with the 
piezometric data in the clay. According to information from 
Rouge Steel Company, the piezometric level in this well dropped 
suddenly in 1982. The well was subsequently damaged in the 
spring of 1983. Hence, it is impossible to ascertain from 
available data whether the piezometric level currently observed 
in this well is erroneous. 

The hydraulic gradients depicted on Plates 2 through 4 can be 
used to estimate a piezometric level at the same elevation in 
each location. Choosing Elevation 560 for instance, such an 
estimation yields piezometric levels of 589.2, 592.6, and 589.7 
at Nest Nos. 2, 5, and 10, respectively. This suggests that a 
very gradual horizontal hydraulic gradient may exist within the 
clay deposit, at least with respect to the date of piezometer 
monitoring. The direction of this gradient is essentially 
northward. However, it should be noted that the possible 
velocity of flow andjor quantity of flow in a horizontal 

NEYER, TISEO & HINDO, LTD. 
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direction within the clay deposit due to this gradient would be 
very small, especially in comparison to vertical migration or 
horizontal flow in the underlying granular deposit. It should 
also be noted that the past excavation and filling activities 
on the site have, or will, distort horizontal and vertical flow 
conditions in the clay deposit in the immediate vicinity of the 
excavations. 

In a report entitled "Containment Integrity of Allen Park Clay 
Mine/Landfill" {July, 1983), Dr. Donald H. Gray discussed the 
upward hydraulic gradients at the subject site, with particular 
emphasis on the potential for downward contaminant migration 
despite upward hydraulic gradients. In that report, he evalu
ated such potential contaminant migration under upward hydrau
lic gradients imposed by the landfill excavation. He went on 
to discuss a "worst case" where the upward gradient would be 
approximately 0.3 ft.jft. if leachate levels in the landfill 
were allowed to reach the ground surface. 

The data presented herein indicate upward hydraulic gradients 
through the native, undisturbed clay deposit to be roughly 0.1 
to 0.2 ft.jft. If the thickness of the clay deposit is reduced 
due to excavation and leachate levels within the landfill are 
precluded from exceeding the water level in the sand at the 
surface of the site', then the imposed upward gradients will 
approximate or exceed his "worst case", i.e. his lowest 
gradient. Hence, maintenance of leachate collection systems 
will help assure that vertical flow beneath the landfill cells 
is upward, with induced hydraulic gradients similar to those 
presented by Dr. Gray {1983). 

If you have any questions, please do not hesitate to contact 
us. 

Very truly yours, 

NEYER, TISEO & HINDO, LTD. 

~ f.~~-tM.. 
Liane J. ~hekter 

LJ~ R.._.fS~ 
Wayne R. Bergstrom, P.E. 

LJS/WRB/pp 
Attachments 

NEYER, TISEO & HINDO, lTD. 
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PIEZOMETRIC DATA ILLUSTRATION, NEST NO. 5 

PIEZOMETRIC DATA ILLUSTRATION, NEST NO. 10 

GENERAL NOTES • • • • • • 

LOGS OF PIEZOI1ETER INSTALLATION 
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GENERAL NOTES 

TERMINOLOGY 

Unless otherwise noted, all terms utilized herein refer to the Standard Definitions presented in ASTM D 653. 

Boulders 
Cobbles 

PARTICLE SIZES 

Greater than 12 inches (3D5mm) 
3 inches (76.2mm) to 12 inches (305mm) 
3/4 inches (19.05mm) to 3 inches (76.2mm) Gravel - Coarse 

Fine 
Sand Coarse 

Medium 
Fine 

No.4- 3/16 inches {4.75mm) to 3/4 inches (19.05mm) 
No. 10 (2.00mm) to No.4 (4.75mm) 
No. 40 (0.425mm) to No. tO (2.00mm) 
No. 200 (0.074mm) to No. 40 (0.425mm) 

Silt 
Clay 

0.005mm to 0.074mm 
Less than 0.005mm 

COHESIONLESS SOILS 

Classification 

The major soil constituent is the principal noun, 
Le. sand, silt, gravel. The second major soil 
constituent and other minor constituents are 
reported as follows: 

Second Major Constituent 
(percent by weight) 

Trace- 1 to 12% 

Minor Constituents 
(percent by weight) 

Trace- 1 to 12% 

Little • 12 to 23% 

Density 
Classification 

Very Loose 

Loose 

Medium Compact 

Compact 

Very Compact 

Relative 
Density% 

0-15 

16-35 

36-65 

66-85 

86-tOO 

Approximate 
Range of (N) 

0-4 

5-10 

11-30 

3t-50 

Over 50 
Adjective - 12 to 35% 

(clayey, silty, etc.) 

And - Over 35% 
Some - 23 to 33% 

Relative Density of Cohesionless Soils is based upon the evaluation of 
the Standard Penetration Resistance (N), modified as required for 
depth effects, sampling effects, etc. 

COHESIVE SOILS 

If clay content is sufficient so that clay dominates soil properties, clay becomes the principal noun with the other major soil 
constituent as modifier; i.e., silty clay. Other minor soil constituents may be included in accordance with the classification 
breakdown for cohensionless soils; i.e., silty clay, trace of sand, little gravel. 

Consistency 

Very Soft 
Soft 
Medium 
Stiff 
Very Stiff 
Hard 
Very Hard 

Unconfined Compressive 
Strength (psi) 

Below 500 
500-1000 

t000-2000 
2000-4000 
4000-8000 
8000-16000 
Over 16000 

Appromixate 
Range of (N) 

0-2 
3-4 
5-8 
9-15 

t6-30 
31-50 

Over 50 

Consistency of cohesive soils is based upon an evaluation of the observed resistance to deformation under load and not upon 
the Standard Penetration Resistance (N). 

SAMPLE DESIGNATIONS 

AS - Auger Sample - Directly from auger flight. 
BS - Miscellaneous Samples - Bottle or Bag. 
S - Split Spoon Sample with Liner Insert- ASTM 0 1586 
LS • Liner Sample S with liner insert 3 inches in length. 
ST • Shelby Tube Sample- 3 inch diameter unless otherwise noted. 
PS Piston Sample - 3 inch diameter unless otherwise noted. 
RC • Rock Core - NX core unless otherwise noted. 

STANDARD PENETRATION TEST (ASTM 0 1586)- A 2.0" outside-diameter, 1-3/8" inside-diameter split barrel sampler is 
driven into undisturbed soil by means of a 140-pound weight falling freely through a vertical distance of 30 inches. The sampler is 
normally driven three successive 6-inch increments. The total number of blows required for the final 12 inches of penetration is 
the Standard Penetration Resistance (N). 

EXHIBIT 1 
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LOG OF PIEZOMETER INSTALLATION 

CLASSIFICATIONS BY: 

NEYER. TISEO & HINDO LTD. 
GENERALIZED 

SUBSURFACE PROFILE SCHEMATIC 

lm 
GROUND SURFACE 
ELEVATION: 591.4 

590 ~~OPSOIL: Dark !c-Q 7 Brown SILTY f / 
~\ SAND with j lJ!.D ', 
1/ Roots. . I 

Loose Brown SILTY I 
580 / . \ SAND. I i 

570 

/ / 

560 ' 

Very Soft to Soft 
Gray SILTY CLAY 
with Trace of 

550 ', Sand. 

I 

540 

I 

' 
/ 

i 
. : 

NON-SHRINKING 
CEMENT GROUT . 

SAND. 

Q_ 
530 0?.? IP ELEVATION: --1---

NOTES. 

531.4 

GROUNDWATER DATA 

PI EZO~ 
METRIC 

DATE ELEV, 
(FEET) 

2-20-85 578.2 
2-21-85 589.6 
3-01-85 593.7 
3-08-85 594.4 
3-11-85 595.1 
3-22-85 595.3 

STARTFD: 

COMPLETED: 

INSPECTOR: 

DR!l,.LER: 

COMMENTS 

2-19-85 
2-19-85 
A. Al-Saati 
D. Klitz 

CoNTRACTOR: 

EQUIPMENT: 

PIEZOMETER TYPE: 

West Michigan Drilling 
Trailer mounted CME-55 
Pneumatic operated 
SINCO Model No. 514178 

NOTES - Continued 
5. Soil descriptions were based 

visual identification of the 
spoil as well as the limited 
of samples noted above. 

upon 
auger 
number 

520 
1. Piezometer leads protected by 4 foot 1'-T-1 

length, 5-inch diameter, Sch 40 PVC · ... 
NEYER. TISEO & HINDO, LTD. 
CONSULTING ENGINEERS 

casing at the ground surface. ~=~~~=='="="~'~··~M~, .. ~ .. ~ .. 2·-~·""~""'~"="="'~··~·-~";:j 2. Piezometer tip set at 60.0 feet below the P•EZOMETER No. 

ground surface. 
3. Drilling utilized 8-inch diameter hollow

stem augers. 
4. Samples were recovered from depths of 

2.5 ft, 5.0 ft and 62.5 ft. 

ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 

APPROVED BY: l;:rc:), DATE: 3-8-85 
PROJECT NO: 84185 OW FIGURE NO: 
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LOG OF PIEZOMETER INSTALLATION 

CLASSIFICATIONS BY: 

NEYER TISEO 8: HINDO, L TO, 
GENERALIZED 

SUBSURFACE PROFILE SCHEMATIC 

GROUND SURFACE 
ELEVATION: 591.4 

59Qp2E. · ·TOPSOIL: DarT; '1 

Brown SILTY 
~~~ SAND with J./.q 1 

1.): Roots. J · 
"X · .. oose Brown SILTY · 

580 . ' 

;i 
570.1/ 

560 

. ' 
' 

'' 
550 ! ! 

SAND. 

Very Soft to Soft 
Gray SILTY CLAY 
with Trace of 
Sand. 

: NON-SHRINKING 
I/ CEMENT GROUT. 

QMND. 

~.1---
Li:?."' TIP ELEVATION: 551.1 

540 

NOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-inch diameter, Sch 40 PVC 
casing at the ground surface. 

2. Piezometer tip set at 40.0 feet below 
the ground surface. 

3. Drilling utilized 8-inch diameter 
hollow-stem augers. 

4. Samples were recovered from depths of 
2.5 ft., 5.0 ft. and 42.5 ft. 

GROUNDWATER DATA 

PI EZO. 
METRIC 

DATE ELEV, 

(FEET) 

2-20-85 
2-21-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

STARTED: 

586.9 
588.3 
591.0 
591.0 
590.7 
591 .0 

COMPLETED: 

INSPECTOR: 

DRII,.LER: 

CONTRACTOR: 

EQUIPMENT: 

COMMENTS 

2-19-85 
2-19-85 
A. Al-Saati 
D. Klitz 

PIEZOMETER TYPE: 

West Michigan Drilling 
Trailer mounted CME-55 
Pneumatic operated 
SINCO Model No. 514178 

NOTES - Continued 
5. Soil descriptions were based upon 

visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

NEVER, TISEO & HINDO, LTD. 
CONSULTING ENGINEERS 

30"t TEN MILl. RD., FMIIIMCITON HILLS,IIII .0024 

p, E~OMETER No. c.-c. 

ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 

APPROVED BY: ).;r$ DATE: 3-8-85 
PROJECT NO: 84185 QW FIGURE NO: ? 





590 

580 

570 

. 
• 560 '" LL 

' ) 
i= 
"' ., 
• J 
I 

LOG OF PIEZOMETER INSTALLATION 
CLASSIFICATIONS BY: 
NEYER, TISEO Be HINDO LTD. 

GENERALIZED 
SUBSURFACE PROFILE SCHEMATIC 

GROUND SURFACE 
iiTl ELEVATION: 591.5 

I I 
1-IJ TOPSOIL: Dark 17 11 
f/)\BrownSILTY J ':/ 
~~ ,SAND with Root . 4,0 ' , 

/r 1-oose Brown SILT~-~ 
/I' 

I~ , 

I• •.. 

i ! 

i i 

SAND. '/ 
NON-SHRINKING 
CEr1ENT GROUT. 

Soft Gray SILTY C LA Yr--++----------'-1 7-"'-'" 'I 
with Trace of 
SAND. I CJ_ SAND. 

Pz,< TIP ELEVATION: 57L5 

I 

NOTES: 

GROUNDWATER DATA 

PI EZO
METRIC 

DATE ELEV • 
(FEET) 

2-21-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

STARTED: 

583.3 
585.5 
585.8 
586.5 
586.7 

COMPLETED: 
INSPECTOR! 

DRII,.LER: 
CONTRACTOR: 
EQUIPMENT: 
PIEZOMETER TYPE: 

NOTES - Continued 

CoMMENTS 

2-20-85 
2-20-85 
A. Al-Saati 
D. Klitz 
West Michigan Drill in g 
Trailer mounted CME-5 5 
Pneumatic operated 
SINCO Model No. 51417 8 

5. Soil descriptions were based upon 
visual identification of the auger 
spoil as well as the 1 imited number 
of samples noted above. 

1. Piezometer leads protected by 4 foot ~lr-1 
length, 5-inch diameter, Sch 40.PVC · ... 

NEYER, TISEO & HINOO, LTD. 
CONSULTING ENGINEERS 

casing at the ground surface. ~ 
2. Piezometer tip set at 20.0 feet below ther---~---------p=-,E~z~o~M~E~T~E~R~N~o-.--~2~-~3~~ 

JOitlt TIEN MIL! RD., fAAUINGTOH MtLLI,MI ..o24 

ground surface. 
3. Drilling utilized 8-inch diameter hollow

stem augers. 
ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 4. Samples were recovered from depths of 5.0 
ft. and 22.5 ft. 1--P----i,..---r·<--,----------1 

AP ROVED BY: ,._..J DATE: 3-11-85 
PROJECT NO: 84185 OW FIGURE NO: 3 





LOG OF PIEZOMETER INSTALLATION 

CLASSIFICATIONS BY: 

NEYER, TISEO Be HINDO L TO. 

GENERALIZED I 
SUBSURFACE PROFILE/ SCHEMATIC 

GROUND SURFACE 
IT ELEVATION: 594.4 

kr~~~~~~~--~~~--------------
fut--.TOPSOIL: Dark. W2..Ff ~·1 

590 
~_\Brown SILTY 3.C:. 

'1 \~ANn with n f.;;, I 

580 

570 

~.·L.( oose Brown SILTY //A' 1 
... 

1 

II SAND. J I . 
. I .I 

6oft Brown SILTY I /; 

' il CLAY with Trace /; NON-SHRINKING 
' of Sand· ' l CEMENT GROUT. 

( ' 
/. / 

i 

1/ 
.. · 

PELLETS. 

NOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-inch diamete~ Sch 40 PVC 
casing at the ground surface. 

2. Piezometer tip set at 61.0 feet below 
the ground surface. 

3. Drilling utilized 8-inch diameter hollow
stem augers. 

4. Samples were recovered from depths of 
2.5 ft., 5.0 ft. and 62.5 ft. 

GROUNDWATER DATA 

P1 EZO ~ 
METRIC 

DATE ELEV • 
(FEET) 

2-15-85 
2-18-85 
2-19-85 
2-20-85 
2-21-85 
2-28-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

548.2 
563.4 
568.9 
573.3 
575.9 
587.4 
589.1 
592.5 
594.1 
596.3 

COMMENTS 

STARTED: 2-13-85 
COMPLETED: 2-13-85 
INSPECTOR: L. J. Shekter 
DRtl,.LER: D. Klitz 
CoNTRACToR: West Michigan Drilling 
EouiPMENT: Tra i 1 er mounted CME-55 
PIEZOMETER TYPE: Pneumatic operated 

SINCO Model No. 514178 

NOTES - Continued 
5. Soil descriptions were based upon 

visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

NEVER, TISEO & HINDO, LTD. 
CONSULTING ENGINEERS 

)08 .. TEN MILE RG., fAJII;IIMQTON HILLI,IIIIIteOU 

PIEZOMETER NO. <;_ 

ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 

APPROVED BY: .LJ:S DATE: 3-11-85 
PROJECT NO: 84185 OW FIGURE NO: 4 





LOG OF PIEZOMETER INSTALLATION 

CLASSIFICATIONS BY: 

NEYER TISEO & HINDO, LTD, 

GENERALIZED 

SUBSURFACE PROFILE SCHEMATIC 

GROUND SURFACE 
fil ELEVATION: 594.6 

7" -:TOPSOJI: Dark }4;0 I 
. / Brown SILTY 3.;£. f. 

590 ,sAN~ with Roots .jE.
1
· i 

580 

•: ! I SAND. I 

I! Soft Brown SILTY 1 / 

;(, CLAY with Trace •. 
i . of Sand. · 
/r' 
.. 

.· 

NOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-inch diameter, Sch 40 PVC 
casing at the g.round surface. 

2. Piezometer tip set at 40.0 feet below 
the ground surface. 

3. Drilling utilized 8-inch diameter hollow 
stem augers. 

4. Samples were recovered from depths of 
2.5 ft., 5.0 ft. and 42.5 ft. 

GROUNDWATER DATA 

PI EZO
METRIC 

DATE ELEV • 
(FEET) 

2-15-85 
2-18-85 
2-19-85 
2-20-85 
2-21-85 
2-28-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

STARTED: 

580.0 
584.1 
584.6 
586.9 
586.9 
589.3 
590.5 
590.2 
590.9 
593.2 

COMPLETED: 

INSPECTOR: 

DRII,.LER: 

CONTRACTOR: 

EQUIPMENT: 

PIEZOMETER TYPE: 

NOTES - Continued 

COMMENTS 

2-14-85 
2-14-85 
L.J. Shekter 
D. Klitz 
West Michigan Drilling 
Trailer mounted CME-55 
Pneumatic operated 
SINCO Model No. 514178 

5. Soi 1 descriptions were based upon 
visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

NEYER, TISEO & HINDO, LTD. 
CONSULTING ENGINEERS 

lO .. I T£N Mllf 11110., FAMIIMQTON HILLS,MI .-.ot• 

PIEZOMETER NO ... 

ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 

APPROVED BY: J.:r5 DATE: 3-11-85 
PROJECT NO: 84185 OW FIGURE NO: 5 
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LOG OF PIEZOMETER INSTALLATION 

CL.ASSIFICATIONS BY: 

NEYER TISEO Be HINDO, LTD. 
GENERALIZED I 

SUBSURFACE PROFILE! SCHEMATIC 

GROUND SURFACE 
1-r- ELEVATION: 594.9 

~ TOPSOIL: Dark 15 ' i 
171-~ Brown SILTY~ fi:i. 

590_4 ~ \ii~:. with Root;//il5 , r ~ oose Brown SILTY 

/- {_ \edi urn Brown SILTY/ 

NON-SHRINKING 
CEMENT GROUT. 

i i CLAY with Trace 
580 i nf .sand I '~!BEJwillE::W::IDft14-~:,,c 

' I. 
p'P'\ J TTF PFI I '"'-

:,, Soft to Med i urn Gray n SAND. 

570 

y,· -t· S I LTV CLAY with 
I . TIP ELEVATION: 577.4 

1-' _ ~~e _Q_f~and. 20.51--4-----------

NOTES: 
1. Piezometer leads protected by 4 foot 

length, 5-inch diameter, Sch 40 PVC 
casing at the ground surface. 

2. Piezometer tip set at 17.5 feet below 
the ground surface. 

3. Drilling utilized 8-inch diameter hollow
stem augers. 

4. Samples were recovered from depths of 
2.5 ft., 5.0 ft. and 20.5 ft. 

GROUNDWATER DATA 

PI EZO
METRIC 

DATE EL.EV. 

(FEET} 

2-15-85 
2-18-85 
2-19-85 
2-20-85 
2-21-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

STARTED: 

587.1 
590.5 
592.9 
591.2 
591.2 
591.7 
592.4 
591.9 
591 . 7 

COMPL.ETED: 

INSPECTOR: 

DR!l,.L.ER: 

CoNTRACTOR: 

EQUIPMENT: 

PiEZOMETER TYPE: 

NOTES - Continued 

COMMENTS 

2-15-85 
2-15-85 
L. J. Shekter 
D. Klitz 
West Michigan Drilling 
Trailer mounted CME-55 
Pneumatic operated 
SINCO Model No. 514178 

5. Soil descriptions were based upon 
visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

NEYER. TISEO & HINOO, LTD, 
CONSULTING ENGINEERS 
JG1S. TEN MILE fiiO., I'AIUIIINOTON Hllll,lll ..014 

P• EZOM ETER No • 2-_.L 

ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 
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PROJECT NO: 84185 OW FIGURE NO: fi 
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LOG OF PIEZOMETER INSTALLATION 

CLASSIFICATIONS BY: 

NEYER TISEO & HINDO LTD, 
GENERALIZED I 

SUBSURFACE PROFILE/ SCHEMATIC 

rt 
GROUND SURFACE 
ELEVATION: 593.2 

1~0 .- TOPSOIL: Dark '·o_ 
590 ~-~Brown ~ILTY _.!~t/ 

;:·_;' SAND Wlth (;5111_11 
" 1 Roots. 1 /J/ 
Y! \·. \ ery Loose Dark , , 
i . \ Brown SILTY 1 /; 

• ', ~AND. ~r I 
580 f/ \Very Loose Brown J.· 

I ' I sILTY SAND. I \ ' 

~~ 1, .. 

/.' ,; 

570 Yl Ill NON-SHRINKING 
CEMENT GROUT. 

560 I / 

550 

540. 

I ' i ( 

' 

I 

r 

I' 

' Soft To Very Soft 
Gray SILTY CLAY · 
with Trace of 
Sand. I 

/t 

I 
l 
~ BENTONITE PELLETSlac 

Q~AND . 

530 l.LI---- . TIP ELEVATION.: 533.2 

NOTES: 
1. Piezometer leads protected by 4 foot 

1 ength, 5- inch diameter, Sch 40 PVC 
casing at the ground surface. 

2. Piezometer tip set at 60.0 feet below 
the ground surface. 

3. Drilling utilized 8-inch diameter 
hollow-stem augers. 

4. Samples were recovered from depths of 
2.5 ft., 5.0 ft., 7.5 ft. and 62.5 ft. 

GROUNDWATER DATA 

PI EZO
METRIC 

DATE ELEV, 

(FEET) 

2-1 9-85 
2-20-85 
2-21-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

STARTED! 

541 . 5 
554.0 
565.5 
594.2 
595.1 
595.3 
595.5 

COMPLETED: 

INSPECTOR: 

DRII,.LER: 

COMMENTS 

2-18-85 
2-18-85 
A. Al-Saati 
D. Klitz 

CoNTRACTOR: West Michigan Drillin g 
EQUIPMENT: Trailer mounted CME-5 
PiEZOMETER TYPE: Pneumatic operated 

SINCO Model No. 51417 

NOTES - Continued 
5. Soi 1 descriptions were based upon 

visual identification of the au9er 
spoil as well as the limited number 
of samples noted above. 

NEYER, TISEO & HINDO, LTD. 
CONSULTING ENGINEERS 
:tollS Tf.N llllll.E RD., FANIIINQTON HilLS, IIIII 40124 

PIEZOMETER No,. -
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ALLEN PARK, MICHIGAN 
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590 

580 -

570 -

-
" It 560 c 

• ) 

~ .., 
" J 
J 550 

LOG OF PIEZOMETER INSTALLATION 

CLASSIFICATIONS BY: 

NEYER, TISEO & HINOO, L TO, 
GENERALIZED 

SUBSURFACE PROFILE SCHEMATIC 

GROUND SURFACE 
ELEVATION: 592.9 

p:z · u~~ulL: Dark •;£ 
' ~/.' · \Brown SILTY G 
. i/ 

~· 
SAND with Rapt< S 

'\oose Brown SILTY~ I . 
I 

SAND. 
NON-SHRINKING 

' CEMENT GROUT. 

' 

' Soft Gray SILTY CLA' 
with Trace of ' 
Sand. 

' 
' . ' 

' 
I 

I =<·.?? 

SAND. L3;""'-) 

0. ' 

4?5 TIP ELEVATION: 552. 

NOTES: 
1. Piezometer. 1 eads protected b)' 4 foot 

1 ength, 5-inch diameter,Sch 40 PVC 
casing at the ground surface. 

2. Piezometer tip set at 40.0 feet below th 
ground surface. 

3. Drilling utilized 8-inch diamter hollow-
stem augers. 

4. Samples were recovered from depths of 
5.0 ft., 7.5 ft. and 42.5 ft. 

GROUNDWATER OAT A 

P1 EZO • 
METRIC 

DATE ELEV, COMMENTS 

(FEET) 

·2-19-85 589.4 
2-20-85 590.3 
2-21-85 590.3 
3-01-85 590.2 
3-08-85 591 .1 
3-11-85 591 .1 
3-22-85 591 . 1 

STARTE'O: 2-18-85 
COMPLETED: 2-18-85 
INSPECTOR: A. Al-Saati 
DRILLER: D. Klitz 
CoNTRACTOR: West Michigan Drillin 
EQUIPMENT: Trailer mounted CME-5 
PIEZOMETER TYPE: Pneumatic operated 

SINCO Model No. 51417 

NOlES - Continued 
5. Sci 1 descriptions were based upon 

visual identification of the auger 
spoil as we 11 as the 1 imited number 
of samples noted above. 

~T-t NEYER, TISEO & HINDO, LTD. _, CONSULTING ENGINEERS 

:tottl TlN MILE. JIU)., FARIIINQTON HII.UI,IIII .024 

PIEZOMETER No._ -l..D...2.. 

ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 
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590 

LOG OF PIEZOMETER INSTALLATION 

CLASSIFICATIONS BY: 

NEYER TISEO & HINDO, L TO, 

GENERALIZED 

SUBSURFACE PROFILE SCHEMATIC 

_ GROUND SURFACE 
ELEVATION: 593.4 

!/'!_'Brown. SIL ~~ SAND / 1 
,._ PSOIL · D k N-:r· 

/- .with Roots. 1 NON-SHRINKING I: .1ose Brown SIL TYP ' CEMENT GROUT. 
A I •SAND. I ' 
i " 

580 ! ' l-
1

+---------"'"-"-l 1 '~oft Gray SILTY CLAY rc ,'S :J 

with Trace of Sand. _· 

570 L,--

NOTES: 

i I. SAND. 
0 
~TIP ELEVATION:573.4 

' 

1. Piezometer 1 eads protected by 4 foot 
length, 5-inch diameter,Sch 40 PVC -
casing at the ground surface. 

2. Piezometer tip set at 20.0 feet below the 
ground surface. 

3. Drilling utilized 8-inch diameter hollow
stem augers. 

4. Samples were recovered from depths of 
5.0 ft, 7.5 ft. and 22.5 ft. 

GROUNDWATER DATA 

PI EZ04 
METRIC 

DATE ELEV, 
(FEET) 

2-20-85 
2-21-85 
3-01-85 
3-08-85 
3-11-85 
3-22-85 

STARTED: 

582.2 
583.6 
587.0 
587.0 
587.4 
587.4 

CoMPLETED: 

INSPECTOR: 

DRII,.LER: 

CONTRACTOR: 

EQUIPMENT: 

PIEZOMETER TYPE: 

NOTES - Continued 

COMMENTS 

2-19-85 
2-19-85 
A. Al-Saati 
D. Klitz 
West Michigan Drillin 
Trailer mounted CME-5 
Pneumatic operated 
SINCO Model No. 51417 

g 
5 

8 

5. Soil descriptions were based upon 
visual identification of the auger 
spoil as well as the limited number 
of samples noted above. 

NEYER, TISEO & HINDO, LTD. 
CONSULTING ENGINEERS 

lOHtl TEN lillllf 110., FMMINQ'TOM HILLI,MI ..o24 

P• EZOMETER No .. 

ALLEN PARK CLAY MINE LANDFILL 

ALLEN PARK, MICHIGAN 
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CONSUlTING 
ENGINEEAS 

NEYER, TISEO. & HINDO, L TO. 
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Steel Division 
Ford Motor Company 

J.'.r. Larry Au:Buc:hon 
Hazardous Waste DiVision -------------Michigan DeJ:S-,"'i:zuent of Natur-<>3. Resources 
15500 Sheldon Road 
Nort.hv:Ule, Michigan 4&67 

SUbject: 

-· --·~------ ---------------- --- _ ... 

Ford !JJ..en !ark Clay Mine 
EPI. I.D. Uo. laiJ 98056871.1. 

Reference: Your Augu.st 8, l984 letter to me 

Dee.:- JV.r. AuBuchon: ---- ----------- .. - --- ----

F'.O. Box 1639 
Dearborn, Michigan 48121 

Septenber 17, l984 

This is in :response to the above-refer:ence:t letter in 'Which you offere:t several co:JIDents regarding opa---ations at the subject facility, as well as requeste:t specific su:ppl.e=;entaJ. information relevant to placement of the propose:t leachate collection piping syst~. 

With respect to the propose:t leachate collection systerr for Hazs::tous Waste Cell I, the e::~cl.ose:t dravings date:t 4/23/84 am 6/27/84 provide for our proposed revisio::.s to fue SJibject fe.cility 1 E leac.hate collecti.on s.yste:r:.. Toese plans superse:te design ;plans date:t 4/20/82. which are present:t_y incorporated into the fac.il.ity' s .ll.ichigan Act 64 operating license. The dets.Ue'l iter: :Lucl.udea in the proposed reVisions is the utilization of the trench metho:l foe· the l.ear'<ate collection ;pipe. This responds to item 3 in your Aug:.!St. 8, 1984 letter. 

The rana.ining comments referred to in your letter appear to us to lack the reg_uisite regu].B.tory basis and should not bear on resolution of the leachate collection systet:J issue. To the extent that your c=ents can forthrightl;y be addressed by this cO!ll!!lUD.ication, I will attempt to do so in the expectation ____ ~---~-~---that your- concerns can be e.l.la.yed consistent with applicable Act 64 ani RCRI\. regclations. 
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Mr. Larry AuBuchon 
September l71 1984 
Page 2 

l.. CCl!Illll ent • "Request all. below ground concrete be coated on all. sides." 

Response ~ Proposed design :plans tor the base of the concrete collection 
sump specify an epoxy coating on both sides to prevent exposure 
of the concrete to the lee.cha.te. The additional concrete risers 
will not have :prolonged exposure to the leachate, and therefore, 
design plans do not specify that they be coated with epoxy,_ in 
accordance with good engineering design practice. 

2. Comment 

Response 

"Insure that run-on/run-ott requirements contained :in 40 CFR 
265.302 are addressed with supporting documentation," 

Since the disposal. cell is an excavation, the run-off is 
controlled by collection in the bottom of the cell. Topogrs.phy 
adjacent to the cell :provides tor only one possible access BJ:'ea 
for run-on which is on the southwest side of the cell. This 
area presently maintains a dike ba:r-rier (3 feet hiltl) designed 
to hold the accumulation :f'ro:::;ca--24hour, 25 year-stem. 

"The pipe strength calculations werec :p:rep3-red for trench method 
installation, however, the planE do not indicate utilization of the trench method."- --- ·-············----- ···-- --- ---·--

Response - The enclosed drawings provide for the trench method.. 

4. Comment - "Address how the p..nnp system, :including the discharge hose, 
will be operated/maintained during freezing operations." 

Response - The elevations of the discharge line provide f'or a gravit;y 
drain so that standing -water does not remain in the line. 

5. Comment "The :program -which vill be il:r;plec;ented to ad:lress the following 
must be clarified: 

a) 

b) 

c) 

Isolation o:f Cell I to maintain a separation of the 
contaminated/uncon~ine.ted run-o:f:f. (Include construction 
detail and specifica.tions.) 

Removal of the contacinated soil f'rom the f'uture "un
contaminated" side o:f Cell I :including proposed test 
verification. 

Capping :procedure on the -west slope and top of the 
previously f'illed area." 
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Mr. Larry AuBuchon 
September 17, 1984 
:Page 3 

,5. Response - a) The unfilled (west) portion of Cell I vill be separated 
:!:'rom the active filled (east) portion of the cell by 
the insta.J.J.atio::t of a clay dike barrier. The dike will 
slope, A small bulldozer will cut the key the width of 
the blade and two feet deep. Dike material shall have a 
unified soil c:U..ssifics.tion of CL or CH as determined by 
AS'1H standard D2487-69, placed in horizontal Hfts not • 
to exceed one foot BJJd sb.all be col:lps.Cted to uat less t.Yian 
80% of the maximum d.r.f d=sity as determined by the mooJ
fied proctor test described ip AST!1 stancl.a.rd Dl557-40. The 
dike vill extend 3 feet above the toe of the slope and will be tied into the cover. ~- · · --- ------~-~--- ----· 

b) The contaminated soil ;rill be scraped by bulldozer from the 
unfilled (west) portion of the cell am placed over the 

· filled (east) portion of the cell. Depth of soil ret:Jov-al 
vill be approximately 6 inches. Proposed test verificst:i.on 
of the clean soil would be EP toxicity tests- of co::;posi te --~~-
soil saJ:ples, each of whic!l is representetive of approx:in;e.te]0•· 
10,000 square feet, 

c) Capping procedure of the filled (east) portion -o:r-the ceu-~~ 
'liill be as follows: 

1) Material will have a unified soil clE.ssificstion of CL 
or CH as dete:rmined ·oy ASTI-: D2487-69, 

2) 

3) 

Placed. in e. thickness greate1· than si_x: inches. 

Co::;uacted to not less than 6J% of tbe ma:>:imu:::; CL>-y clensit;' 
e.s :f,er ASTI.; Dl557-40, 

To enable installation of the collection cysteo: durine: ·the li:J~ite;l renaining 1931+ 
construction season, -we respectf'ul.ly request that you e.xpeiite the :reg,uire:l~ Di:rce~
tor' s approval for the ~oposed revisions to the original plans. 

:Enclosures 

bee: Messrs. J. A. Esper 
G. Kircos 
V. H. Sussman 
S. H. Vaughn 

Yours very truJ.y, 

~~.~~ 
Minin6 Properties Dep:.:rtrnent 
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Ford Motor Company 

>( L : k:C.,.. 
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}.l_r. Larry AuBuchon 
Department of Natural Resources 
Environmental Protection Bureau 
1120 West State Fair Avenue 
Detroit, Michigan 48203 

SUbject: Ford Allen Park Clay Mine 
MID 9805687ll 

Dear Mr. AuBuchon: 

This submittal addresses the issues raised in v~. Terry McNiel's memo
randum dated J~~e 6, 1984, which you provided to this. office in your 
JUne 15, 1984 letter. 

l. Concern -

Response -

"Possible lateral movement of groundwater through the 
·clay stratum might allow leachate to migrate through 
the liner sidewalls." 

The aquifer has been identified as a stratum parallel 
to the ground surface. Under uniform confining pressure 
(clay stratum overlying aquifer), ·the hydraulic gradient 
vector of the aquifer (and the water saturat'ng the con
fining clay stratum) is normal to both t.he aquifer and the 
ground surface. 

vfith the excavation of the di.sposal cell, the uniform 
confining pressure is locally disturbed, and the hydraulic 
gradient vectors become noral ·to the disposal cell walls. 
~nis creates a localized zone of influence which results 
in groundwater movement into the cell as O]Jposecl to lateral 
movement out of the cell:---Therefore, there will be no 
lateral movement of leachate or groundwater out of the 
cell under these geological conditions. ---



VJT. Larry Au:&! chon 
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2. Concen1 ~ 

Response ~ 

3. Concern -

Response -

11 Containment times callllot be estimated lL.'1.less the clay 1 s 
hydraulic conducti\~ty when exposed to the leachate 
genera ted is kno~t?n." 

Containment times have been provided by Professor Donald 
H. Gray in previous submittals. The concern of leaclw.te 
increasing permeabilities of the clay liner is addressed 
in his Februar.r 16, 1984 correspondence as follows: 

"I showed that even under worst case assumptions of no 
partitioning or attenuation of pollutants and minimum, 
negative hydraulic gradients bre~through times would be 
on the order of thousands of years. Interestingly, if 
the calculations are repeated allowing hydraulic con
ductivity or permeability to double or even triple, the 
breakthrough time increases even more because now the counter 
ad.vective flow is more effective in opposing the do>mward 
diffusi.on of solutes along their concentration gradient." 

"It is still not clear which direction the confined ag_uifer 
flows (poor well construction) or ;;hether .there is an upward 
gradient (no piezometer nests) at trench bottom." 

The hydrogeologic report prepared by Michigan Testing 
. Engineers, Inc. has defined the flow direction of the 

ag_uifer (southeast) and that there is an upward gt·adient. 
We are in agreement with both of these conclusions, despite 
unsubstantiated l·illNR concerns to the contrary. If there is 
eVidence contrar~y to these conclusions, it should be presented. 
We agree with Michigan Testing Engh~eers, Inc. that piezometer 

·nests are not necessary to determine that there is a~ upward 
gradient at the site. In addition, .we agree that the moni~ 
tor wells Yere properly constructed in·view of the regional 
trend of groQ~dwater flow. 

As you are vell a;rare, there has been much debate over these issues both since, 
and prior to, permit issuance on October 22, l982. '\<le believe tlw.t all re~ 
guired M:IT·ffi regulat.ory and penni t standards have been met. If MDNR m&":tagement 
feels that this is not the case, we and our technical consultants, are available 
to meet with Messrs. Hovard or Rector of the Hazardous Waste Division at their 
convenience to finally resolve this matter. 

cc: Mr. Delbert Rector • 

Yours very truly, 

·~c-~~ 
Ben C. Trethewe-.f 1 Manager Q~ 
Mining Properties Department 



MICHIGAN DEPARTMENT OF NATURAL RESOURCES 

INTEROFFICE COMMUNICATION 

June 6, 1984 

TO: _Larry Aubuchon, Detroit District, Hazardous Haste Division 

FROM: Terry McNiel, Technical Services Section, Hazardous Waste 
Division 

SUBJECT: Ford Notor Company Allen Park Clay Nine 

I have reviewed l;'ord' s May 10, 1984 submittal and have the follm<ing 
comments: 

Specific Condition 5.A.4(a): There appears to be some confusion as 
to this Department's concerns as the containment ability of this facility. 
These concerns have been communicated to Mr~ David Miller and are- re
iterated here. 

A leak detection system serves to give an early warning of contaminant 
release down through the liner at a typical site with a non-confined 
aquifer. With a potentiometric surface above trench bottom, flow is 
not expected to be down through the liner but upward and/or laterally. 
Ford is failing to consider this avenue of movement, and cites the 
artesian conditions as precluding this movement out of the disposal 
cell. These conditions only lead to the assumption of no movement 
through the bottom of the cell. Containment times cannot be estimated 
unless the clay's hydraulic conductivity when exposed to the leachate 
generated is known. There are concerns as to the interconnection of 
thee artesian aquifer and the water table aquifer. The watcer table 
aquifer's isolation from the Allen Drain is also questionable due to 
lack of details on the dike construction and certification on the east 
side of Cel.l Number l. Non-saturated conditions at the elevation of 
trench bottom will provide an opportunity for contaminants to move down 
and then laterally. It is still not clear which direction the confined 
aquifer flm<s (poor well construction) or whether there is an upward 
gradient (no piezometer nests) at trench bottom. This demonstration 
has yet to be finalized. 

The above scenerio is a worst case situation~ However, Ford is looking 
at the "best case" situationD When dealing with toxic chemicals, this 
department must follow the conservative approach. 

Specific Condition S.A.4(b): The submission of the manufacturer's 
chemical resistance recommendations is sufficient to fulfill this con
dition adequately. 

Specific Condition S.A.4(c): The proposal to install perforated PVC 
pipe to evaluate amount and type of gas generation has merite Fu'rther 
details should be submitted so that agreement can be reached as to the 
effectiveness of this demonstration. Should this system be left in 
as a permanant vent, this up-front agreem.:mt of design and installation 
plans may eliminate later need for reinstallation of the vent. 





TO: L<In:y Aubctchon, Detroit District, HHD 

sc;·~.JECT: Ford - Alle-n Park _Claymine Lnndfill 

The company's Nay 1, 1984 submittal of engineering plans for Hazardous lJo.stc Cell I have been re·1iewed. These plans address the repair of the clay dike along the eastern edge of the cell, relocation of the leachate collection sun? and modified leachate collection system design and construction details.. 'I'he following ere as need cLarification and/or ne.ed to be adequately addressed to meet Act 64 reguirt."ments: 

1. Requirements of R299.6418(a) and (b): 

s. Type and gradation of collection syotem sand. 
b. Compatibility of polyethylene pipe t·lith tvaste leachate. 
c.. Compatibility of concrete manhole with -.:.:aste leachate .. 
d. Strength require~ents and design specifications for the leachate collection pipe. 
e. Procedures and schedule for leachate removal. 
f~ Demonstration that the sump capacity -.;.;ill handle or._e months leachate but is not less than 4,000 liters. 
e. .Collection s.!!nd must _function without clogging .. 

2.. Op~~rating license requirei:Ients: 

a. It must be shewn that a maximur!l of 6 inches of hydraulic 
bead is rJ.:dntained nt all tiiT!eS .. 

b.. Provision for construction certification munt be provided·~ c.. Char!ge orders must be approved in writing by the Director 
prior to the initiation of construction~ 

3. The sump area sand bedding of 5 feet appears excessive.. I h2ve concerns of the sand filling with water and/or lef\chate providing up to 5 feet of hydraulic head at that point .. 

l&-... A grain size distribution for the pea gravel Braund the leachn.te collection piping should be provided. 

5.. It is not clear exactly "tl}here the dikes nt the edg;;; of the e:-::isting fill nre being proposed~ This, 1n .:1ddition to the 
eznct locction of the existing fill should be provided~ 



. L::cccy .:\ubuchon 
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6 .. the p1~oposecl dike shou'ld be ct n~axunuD 

7.. Proc.edu:!:GS a.nd a schc.-1ule for: repnj_r of the bro}:en leachate 
piping through the sight berm must be provided. 

8. The method of dike (in sight berm) repair;, if needed, should 
be provided. This should include at a minimuw: compaction 
and permeability required, minimum 1-d.dth and height, and quality 
control p~ocedures. 

9.. The method and timing for the tetllpor.s.ry bem placement and 
removal should be provided. 

10. I would reconmend that partial closure of the existing fill 
area (to include newly placed workbench area) be designed/approved/ 
constructed as part of these construction activities. 

Please give me a call if any clarification is needed. 

fb 



Ford Motor Company 

Mr. Larry AuBuchon 
Hazardous Waste Division 
Michigan Department of Natural Resources 
Detroit District Office 
1120 Hest State Fair 
Detroit, MI 4o203 

Subject: Ford Allen Park Clay Mine 
MID 980568711 

Dear Mr. AuBuchon: 

3001 Millar Road 
Dearborn, Michigan 48121 

fH!CEPJED 

MAY 141984 

Your letter of April 12, 1984, asserts that the subject facility is "not 
in compliance" with Specific Conditions 5.A.4(a), 5.A.4(b), and 5.A.4(c) 
of the facility's license. VIe do not believe that this is the case. As 
noted below, we believe adequate documentation has been provided to the 
HDNR with regard to the specified permit conditions, as evidenced by the 
issuance of the license by MDlffi on October 22, 1982. 

Specific Condition 5.A.4(a) - The facility provided to the Department a 
Groundwater vlaiver Demonstration in 1982 which provided a comprehensive 
interpretation of the site's hydrogeologic conditions, The background 

· information provided in this document led to the conclusion that the 
facility ;J8.s located in an area ><ith a negative hydraulic gradient 
(artesian aquifer) which precludes the J?OSsibility o.f leachate rn:i.gre.tion 

··- out Q.:f' thLd..ispo.sal cell during the active life of' the facility., The 
·~rtment ucc-epfCd.~this conclusion as evidenced. by the leak d•=tection 
system waiver granted in the facility license. ~ 

Recognition and acceptance of these hydrogeologic conditions is fundamental 
to the development of appropriate permit conditions and their compliance. 
The April 3, 1984 memorandum to you from Mr. Terry McNiel indicated that 
MDNR has elected to ignore this previously stated position by apparently 
not recognizing these acknowledged and proven site hydrogeologic conditions. 
No alternative interpretation of the site condition is provided by MDJ\ffi 
staff, however. Such a position is unsubstantiated and should be re
evaluated_, He take exception to this superficial evaluation by HDNR staff. 
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Mr. Lm-ry AU:SUcl10n 
May 10, 1984 
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_specific Condition 5.A. 4(b) - Provided herewith is the manufacturer's speci
fications which Llldicate that the proposed leachate collection pipe is com
patible >lith the consti-t;uents in the coal tar decanter tar sludge (naphtha-
lene and phenol). Note that the leachate to be handJ.ed will be at ambient 
temperatures, and the hazardous constituents will be much less concentrated 
than the reagent grade chemical solutions which are found in the manufacturer's' 
specifications. Note also that the additional component in the collection 
system is the concrete sump which will be epoxy coated to prevent its ex
posure to the waste and leachate . 

. f' . ' Specific Condition 5 .A. 4( c) - In order to demonstrate if a gas venting system 
r}r'' is required for the disposal cells, we are willing to install a perforated 

PVC pipe vertically into the fill before applying the final cover. This 
collection pipe will then be monitored to determine any rate of gas generation. 
If gas is generated, we would agree to revisit this issue to insure the in
tegrity of the final cover. 

Attachment 

cc: Prof. D. H. Gray 

Yours very truly, 

<'( .-----;¥£~/ -/ ,)-~ C: . ( ___ 2 . ,v~ 
Ben C. Trethewey, Manager ·. ~ 
Mining Properties Department 

' ;-
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-Extra High MolecuLar Weight 
&iigh Densit}! PoEyethyiene 
PE 3408 lndustriaU Piping System ....•... ;\.msao.tl 

,.., IP u" 1 "'r • ,. l ,. 
1,• t.\PPl!CAT!ON NOTE NO.6 1 4 !.'_.~ Y r,:, D : ~ ' 

~=========================================== 
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Chernicai and Environmental Considerations 

I 
Chemical Resistance 
of PLEXCO Polyethylene 

PLEXCO PE 3408 EHMW high density polyethylene 
pipe has outstanding chemical resistance. making 
it an ideal piping material for harsh chemical 
environments and highly corrosive systems. 
This stability under chemiczl attack. when coupled 
with superior abrasion resistance, makes PLEXCO 
f;E 3408 polyethylene an exceptional piping 
material lor many industrial and slurry applications. 

Any chemical attack of polyethylene is either 
a swelling phenomenon causing the plastic to 
soften, or a direct attack on the polymer structure. 
If the chemical causing the polyethylene to swell 
is completely removed, the plastic generally returns 
to its original condition. A direct chemical attack 
on the polymer may result in chain scission, 
cross-linking. oxidation, and substitution reactions. 
These reactions may cause profound changes in the 
original properties of the polyethylene which 
cannot be restored by the removal of the chemical. 

Below are chemica! resistance data for a wide 
variety of chemicals. Additional chemical resistance 
data for polyethylene pipe may be found in the 
Plastic Pipe Institute's Technical Report PPI-TR-19 
"Thermoplastic Piping for the Transport of 
Che-micals." Because the particular conditions 
of 83ch application will vary. it is recommended 
th;:,: H1is information be used only as a 
prel,minary guide to the resi:;;t~nce behavior o~ 
polyethylene pipe. 

Resistance to Stress Cracking 
and Corrosion 
Because polyethylene is. non-conducting, it is 
immune to galvanic and electrochemical effects. 
In addition, polyethylene will not corrode in the 
sense that metals do. Both inside and out. PLEXCO 
polyethylene pipe resists rust, rot. pitting, and other 
common causes of failure in metallic piping 
systems. 

Some polyethylenes may fail by environmental 
stress cracking due to the combined actions 
of stress and the environment. Stress cracking is the 
slow growth and propagation of cracks by the 
action of sensitizing agents on minute surface flaws 
in a stressed or strained materials. 

The polymer structure, molecular weight, and the 
molecular weight distribution will aflect the 

stress crack resistance of the polyethylene. 
PLEXCO's EHMW high density polyethylene shows 
excellent resistance to stress cracl<ing. 

Environmental E!lects 
PLEXCO polyethylenapipe will not degrade due to 
biological efiects. Polyethylene is not digestible 
nnd is not genera II)' attacked by burrowing insects 
or worms. The exceptionally smooth surface of 
polyethylene pipe disallows growth of algae 
or other marine life on the pipe walls, especially 
under conditions of flow. Occasionally 
polyethylene piping smaller than 4 in. IPS that has 
been buried in the path of burrowing rodents, 
will be damaged by them. If this is anticipated, burial 
more than 3 feet below the surface is recommended. 
In areas of heavy rodent population, repellents 
may be necessary. 

Sunlight and Thermal Effects 
To protect the piping material from ultraviolet 
radiation, most polyethylene pipe formulations 
include carbon black or some other ultraviolet 
screening substance. 

PLEXCO PE 3408 pipe can be used over a wide 
temperature range. With a brittleness temperature 
(ASTM 0-746) of -180°F it performs very well at 
subambient temperatures. In pressurized systems. 
it can be used up to 140°F; up to 180'F for 
non~pressure appfications. However. elevated 
temperatures reduce the effective ope-ratina 
pressure of polyethylene piping systems. To 
determine the pressure rating for pipe a\ a 
temperature above ambient, multiply the 73o rating 
by the following factor; 

FOR PRESSURE 
RATING AT 

40°F 
60° 
73' 

100° 
120° 
140° 

MULTIPLY 73• 
RATING BY 

1.20 
1.08 
1.00 
0.78 
0.63 
0.50 

Temperature fluctuations experienced in surface 
installations need to be taken into consideration 
when designing a piping system. Polyethylene's 
high thermal expansion coefficient of Sx1 O·' in/infO F 
may lead to lateral movement of the pipeline. The 
results of this movement can be compensated !or by 
snakinQ the oioe line or install ina exoansion loons. 
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Chemical Resistance Key: 

x = resistant swelling< 3% or weight 
loss < 0.5%, elongation at 
break not substantially 
changed 

I = limited resistance swelling 3-8% or weight 
loss 0.5-5% and/or 
elongation at break 
reduced by< 50% 

- = not resistant 

D = discoloration 

swelling> 8% or wf.light 
loss > 5% and/or · 
elongation at break 
reduced b.y >50% 

===================================== 
Medium 73"F 1400>-f Medium 73"F 140°F 

Acetaldehyde, gaseous X I Butyric acid X I 

Acetic acid (1 0%) X X Calcium chloride ·x X 

Acetid acid (100%) Calcium hypochlorite ·x X 

(glacial acetic acid) X /D Camphor X I 

Acetic anhydride X /D Carbon dioxide X X 

Acetone X )( Carbon disulphide I 

Acetylene tetrabromide ''/to- Carbon tetrachloride ''/to-

Acids. aromatic X X Caustic potash X X 

Acrylonitrile X X Caustic soda X X 

Adipic acid X )( Chlorine, liquid 

Allyl alcohol X X Chlorine bleaching solution 

Aluminium chloride, anhydrous X X (12% active chlorine) I 

Aluminum sulphate ·x X Chlorine gas, dry I 

Alums X X Chlorine gas, moist I 

Ammonia, gaseous (100%) X X Chlorine water 

Ammonia, liquid (100%) X X (disinfection of mains) X 

Ammonium chloride ·x X Chloroacetic acid (mono) X X 

Ammonium fluoride, aqueous Chiorobenzene I 

(up to 20%) X X Chloroethanol X xD 

Ammonium nitrate ·x X Chloroform "/to-

Ammonium sulphate ·x X Chlorosulphonic acid 

Ammonium sulphide ·x X Chromic acid (80%) X -D 

Amyl acetate X X Citric acid X X 

Aniline, pure X X Coconut oil X I 

Anisole I Copper salts ·x X 

.Antimony trichloride X X Corn oil X I 

Aqua regi2: 
Creosote X xD 

8 a rium chloride 'x X Cresol X xD 

Barium hydroxide ·x X Cyclohexilne X X 

Beer X X Cyclohexanol X X 

Bees .. vax X "'/to- Cyclohexanone X X 

Benzene I I Decahydronaphthalene X I 

Benzenesulphonic acid X X Desiccator grease X I 

Benzoic acid •x X Detergents, synthetic X X 

Benzyl alcohol X xtol Dextrin, aqueous 

Borax. all concentrations X X (18% saturated) X X 

Boric acid ·x X Dibutyl ether xto/ 

Brine, saturated X X Dibutyl phthalate X I 

Bromine 
Dichloroacetic acid (100%) X /D 

Bromine vapour I Dichloroacetic acid (50%) X X 

Butanetriol X X Dichloroacetic acid methyl ester X X 

Butanol X X Dtchlorobenzene I 

·Butoxyl X I Dichloroethane I I \ 

Butyl acetate I Dichloroethylene 
/ 

X 

Butyl glycol X X Diesel oil X I 

Diethyl ether xto/ I 

r-
Diisobutyl ketone X /to-

·aqueous solutions in all con.::entrat1ons Dimethyl formamide ( 100%) X xto/ 



( 

Medium 7J"F 140"F Medium 73~>F 140"'F 

Emulsifiers X X Keotones X xtol 

I 
Esters. aliphatic X xto/ lactic acid l< X 
Ether xto/ I lead acetate ·x X 

I 
· Ethyl acetate I Linseed oil X X 
Ethyl alcohol " X Magnesium chloride •x )( 

Ethyl glycol X X Magnesium sulphate , ·x X 
Ethyl hexanol X X Maleic acid )( X 
Ethylene chloride ( dichloroethane) I I Malic acid X X 

I 
Ethylenediamine X X Menthol X I 
Fatty acids (>C') X I Mercuric chloride 
Ferric chloride ·x X (sublimate) X X 
Fluorine Mercury X X 

i Fluorocarbons Methanol )( X 
l (e.g. "Frigen) I Methyl butanol I • )( 

I 
FILiosilicic acid, aqueous Methyl ethyl ketone X /to-

(up to 32%) X X Methyl glycol )( X 

c Formaldehyde (40%) X X Methylene chloride I I 
' Formamide X X Mineral oils X xto/ 
' ' Formic acid X Molasses X X I 

i Fruit juices X X Monochloroacetic acid X X 

' Fruit pulp X X Monochloroacetic ethyl ester X " I 
! Furfuryl alcohol X xD Monochloroacetic methyl ester X X 

i Gelatine X X Morpholine X X 

I Glucose •x X Naptha X I 
~- Gycerol X X \ Naphthalene )( I 
j Gylcerol chlorohydrin ' X X N1ckel sails X X 
j Glycol (cone.) )( X Nitric acid (?.5%) X " Glycolic acid (50%) X X Nitric acid (50%) I 

Glycolic acid (70%) X X Nitrobenzene )( I 
Halothane I I o-Nittotoluene " I 
Hydrazine hydrate " X Octy! cresol ( 

Hydrobromic acid (50%) X X Oils, ethereal I I 
! Hydrochloric acid Oils, vegetable and animal )( xto/ 
! (all concentrations) X X Oleic acid (cone.) X I I Hydrocyanic acid X X Oxalic acid (50%) X X 

! Hydrofluoric acid (40%) X I Ozone I 
I Hydrofluoric acid (70%} X I Ozone, aqueous solution 
' ' Hydrogen I X X (drinking water purification) X 

Hydrogen chloride gas, Paraffin oil X X 

moist and dry )( X Perchloric acid (20%) X X 

Hydrogen peroxide (30%) X X Perchloric acid (50%) X I 
Hydrogen peroxide (100%) X Perchloric acid (70%) X -0 

( Hydrogen sulphide X X Petrol X xto/ 
lodirHc. tincture of, DAB 7 Petroleum )( I 

(German Pharmacopoeia) X ID Petroleum ether X I 
lsooctane )( I 'Phenol )( xD 
Isopropanol " X t:'nosphates 'x X 

Isopropyl ether xto/ Phosphoric acid (25%) X X 

Jam X X Phosphoric acid (50%) X X 
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The tecllmcal da1a contained herein are guides 
lo 1he use of PLEXCO polyethylene pipe and 
fittings. Due to workmanship and other factors 
over 'which PLEXCO has no control. PLEXCO 
makes no guarantee of results and assumes no 
obligation or liability in conjunction with the use 
of the herein technical data. 

Me-d!um 73°F . 140•F 

Phosphoric acid (95%) X /0 
Phosphorus oxychloride X /0 
Phosphorus pentoxide X X 

Phosphorus trichloride X I 
Photographic developers. 

commercial X X 

Phthalic acid (50%) X X 

Polyglycols X X 

Potassium bicr1romate (40%) X X 

Potassium borate, aqueous (1 %) X X 
Potassium bromate, aqueous 

(up to 10%) X X 
Potassium bromide ·x X 

Potassium chloride ·x X 

Potassium chromate, 
aqueous (40%) X 

Potassium cyanide ·x X 
Potassium hydroxide 

(30% solution) X X 

Potassium nitrate ·x X 
Potassium permanganate X xO 
Propanol X X 

Propionic acid (50%) X X 

Propionic acid (100%) X I 
Propylene glycol X X 

Ps~udocumene I I 
Pyridine X I 
Se,:nvalcr X X 

Silic~c acid X X 

SJhcc.ne oil X X 

Silver ni:rate X X 

Sodium benzoate X X 

Sodium bisulphite. weak 
aqueous solutions X X 

Sodium carbonate ·x X 

Sodium chloride ·x X 

Sodium chlorite (50%) X I 
Sodium hydroxide (30% solution) X X 

Sodium hypochlorite 
(12% active chlorine) I 

Sodium nitrate ·x X 

Sodium silicate •x X 

Sodium sulphide ·x X 

Sodium thiosulphale X X 

Spermaceti X I 
Spindle oil · xtol I 
Starch X X 

Steric acid X I 
Succinic acid (50%) X X 

Medium 

Sugar syrup 
Sulphates 
Sulphur 
Sulphur dioxide, dry 
Sulphur dioxide, moist 
S~lphur trioxide 
Sulphuric acid (10%} 
Sulphuric acid (50%} 
Sulphuric acid (98%) ' 
Sulphuric acid, fuming 
Sulphurous acid 
Sulphuryl chloride 
Tallow 
Tannic acid (10%} 
Tartaric acid 
Tetrachloroethane 
Tetrahydro!urane 
T etrahyd ronaphthalene 
Thionyl chloride 
Thiophene 
Toluene 
Transformer oil 
Tributyl phosphate 
Trichloroacetic acid (50%) 
Trichloroacetic acid (100%) 
Trichloroethylene 
Triethanolamine 
Turpentine, oil of 
Tween 20 and 80 

(Atlas Chemicals) 
Urea 
Vaseline 
Vinegar (commercial cone.) 
Viscose spinning solutions 
Waste gases containing 
-carbon dioxide 
-carbon monoxide 
-hydrochlorid acid 

(all concentrations) 

GENERAL OFFICE 

Franklin Park. Illinois 60131 
~240 North Manflheim Road 
(312) 455-{)600 

7J•F 140•F 

X X 

·x X 

X X 

X X 

X X 

X X 

X X 

I 

X X 

X X 

X X 

X X 

••xto/ 
.. xto/ 

X I 

I I 
I 
X I 
)( X 

X X 

X /to-
... /to-

X X 

xto/ I 

X X 

·x X 

.. xtol I 
X X 

X X 

X X 

X X 

X X 

-hydrogen fluoride (traces) X X 

-nitrous vitriol (traces) X X 

-sulphur dioxide 
(low concentration) X X 

-sulphuric acid, moist 
(all concentrations) X X 

Water glass X X 

p-Xylene I 
Yeast, aqueous preparations X X 

Zinc chloride "x X 

( 

.,~-..... ~·~· 
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JAMES .J. flLM"CHAf1D, Governor 

DEPARTMENT OF N.iHURAL RESOUFlCES 

Hr. Ben C. Trethewey, Hanager 
Hining Properties Department 
Ford Hotor Company 
3001 Miller Road 
Dearborn, HI 48121 

STEVEt~S T. MASON F1LJiLOING 
BOX 30028 

LANSING, lvll 40909 

RONALD 0. SKOOG, Director 

April 12, 1984 

SUBJECT: Ford Allen Park Clay Hine Landfill HID 980568711 

Dear Mr. Trethewey: 

Hazardous Haste Div. 
1120 W. State Fair Ave 
Detroit, Ml 48203 

A review of your February 24, 1984, submittal has been performed by Terry 
McNiel, Technical Services Section, Hazardous Waste Division~ His comments 
are relating to Specific Conditions 5.A.4(a), S.A.4(b) and 5.A.4(c) of your 
license. Based on Hr. McNiel's comments (enclosure) it was determined that 
you are still not in conformance with the requirements of your license .. 

You are requested to pr'ovide the necessary documentation to address these 
sho~tcomings no later than Hay 12, 1984. If you have any questions, please 
contact me or Terry McNiel. 

LA:pf 
Enclosure 

cc K. Burda 
J. Bohunsky 
T. McNiel 

Sincerely, 
HAZARDOUS WASTE DIVISION 

~~\\._~~ 
Larry AuBuchon 
DETROIT DISTRICT OFFICE 



MICHIGAN DEPARTMENT OF NATURAL RESOURCES 

INTEROFFICE COMMUNICATION 

April 3 1 1984 

TO: Larry Aubuchon 
Compliance Section, Detroit District 
Hazardous Waste Division 

FROM: Terry McNiel 
Technical Services Section 
Hazardous Waste Division 

SUBJECT: Ford-Allen Park Landfill 

I have reviewed the February 16, 1984, letter from Dr. Donald H. Gray 
to Mr. David Miller to detemine whether Specific Condition .5.A.4(a) 
has been satisfied. There are, again, assumptions made by Ford's 
consultant regarding the leachate chemical makeup and the clay mineralogy 
with no documentation of saturated conditions in the silty clay at or 
near trench bottom to substantiate upward flow. If saturation exists, 
the leachate collection system must be designed to handle this inflow. 

The facility has had the requirement of a leak detection system waived 
based on the site 1 s clay characteristics. Assurance that the containment 
system will function in a manner such that this backup system is not 
needed must be provided. The company has asked for and received variances 
and waivers and is now asking to waive the requirement that the original 
waiver was based on! 

It is agreed that a triaxial-type, flexible, pressurized jacket permeameter 
should be used. A positive gradient of 1.0 (assuming non-saturation) 
on an undisturbed sample should simulate worst case conditions. 

In regards to Specific Condition 5.A.4(b), the chemical make up of the 
leachate needs to be compared to the manufacturer's chemical resistance 
recommendations for the PVC piping. 

For the requirement of gas venting in Specific Condition 5.A.4(c) to 
be waived, it must be shown that no gases will be generated. A procedure 
to demonstrate this should be submitted for review. The integrity of 
the final cap must be assured. 

If there ·are any questions, please g1ve me a call. 



TO: 

FRON: 

April .3, 1984 

Larry Aubuchon 
Compliance Section, Detroit District 
Hazardous ~Vaste Division 

Terry NcNiel. 
Technical Services Section 
Hazardous Waste Division 

SUBJECT: Ford-Allen Park Landfill 

I have reviewed the February 16, 19841 letter from Dr. Donald H. Gray 
to Hr. David Miller to determine whether Sp<!cific Condition 5.A.4(a) 
has been satisfied. There are, again, assumptions made by Ford's 
consultant regarding the leachate chemical makeup and the clay mineralogy 
with no documentation of saturated conditions in the silty clay at or 
near trench bottom to substantiate upward flow. If saturation exists, 
the leachate collection system must be designed to handle this inflow. 

The facility has had the requirement of a leak detection system waived 
based on the site's cLay characteristics.. Assurance that the contaim:nent 
system will function in a manner such that this backup system is not 
needed must be provided. The company has asked for and received variances 
and waivers and is now asking to Haive the requirenent that the original 
,,;aiver was based on! 

It is agreed that a triaxial-type, flexible, pressurized jacket permeameter 
should be used. A positive gradient of 1.0 (assuming non-saturation) 
on an undisturbed sample should simulate worst case conditions. 

In regards to Specific Condition 5.A.4(b), the chemical make up of the 
leachate needs to be compared to the manufacturer's chemical resistance 
recommendations for the PVC piping. 

For the requirement of gas venting in Specific Condition 5.A.4(c) to 
be uaived, it must be shown that no gases ~·ill be generated. A procedure 
to demonstrate this should be submitted for review. The integrity of 
the final cap must be assured .. 

If there arc arty qu2stions, please give TI'.e a call~ 
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January 23, 1984 

TO: Larry Aubuchon, Compliance Section, Detroit District 

FROM: Terry NcNiel, Technical Services Section 

SUBJECT: Ford-Allen Park Landfill 

I have reviewed the report "Containment Integrity of Allen Park Clay 
Mine/Landfill" by Professor Gray. Specifically, my review >ms aimed 
at determining whether it satisfies Specific Condition 5.A.4(a),(b),(c) 
of the landfill's Act 64 license. I have the following comments: 

1) Dr. Gray concludes that it is unlikely that organics present 
in the waste will cause a permeability increase. He reasons 
that there is an absence of any substantiation in the published 
technical literature for such an increase. However, he provides 
no cite of any literature which shows no increase in permeability. 

H~ also assumes that the leachate will contain ·approximately 
500 ppm of phenols due to the decanter tar sludge. He disregards 
taking any affects of the napthaline into account. 

Because of the uncertain nature of the leachate generated 
at the site, these assumptions may or may not be valid. 

We therefore do not consider Specific Condition 5.A.4(a) to 
be satisfied. We would accept, however, compatability testing 
between the actual leachate being generated and the on-site 
clay being used for containment. 

2) Specific Condition 5.A.4(b) requires that the leachate collection 
system components be compatible "ith the leachate. Once the 
system is designed, the manufacturer's compatibility reco!lll1!enda-: 
tions for any piping should be evaluated. This submittal 

3) 

doesn't address this subject. 

Specific Condition 5.A.4.(c) requires 
any generated gases and the clay cap. 
not address this subject. 

compatibility betweeri 
This submittal does 

. -



Mr. Larry Aubuchon 
Detroit District Office 
Michigan Department of Natural Resources 
Box 30028 
Lansing, Michigan 48909 

Subject: Ford Motor Company Allen Park Clay Mine 
EPA I,D, #MrrJ 9085687ll 

Dear Mr. Aubuchon: 

3001 Miller Road 
P 0. Box 1699 
Dearborn. Michigon 48121-1699 

1'ebruary 15, 1984 

n~CE~VED

FEB 161984 

. This is in reply to your letter dated January 31, 1984, which requested 
additional response to your concerns regarding Specific Condition Section 
items 4(a), (b), and (c) of 5.A. in the subject facility's Act 64 Hazardous 
Waste Operating.License, 

1, With respect to Specific Condition item 5.A. 4(a), we have requested 
our hydrogeologic consultant, Prof, Donald Gray of the University of 
Michigan College of Engineering, to provide his views relevant to 
your need for the suggested compatibility testing. Our response to 
this item is therefore in preparation and will be submitted on or 
about March 1, 1984, 

2. Concerning Specific Condition item 5.A. 4(b), please note that the materials 
utilized in our leachate collection system are epoxy coated concrete and 
PVC collection pipe. The PVC piping has been installed in the coke tar 
decanter sludge collection system at the point of generation for more than 
twenty years and is the recommended material for the job. Coating of the 
concrete sump with epoxy will prolong the life of the concrete in the un
likely event of its exposure to any highly acidic ·leachate, 

3, Specific Condition 5.A, 4(c) requires com~tibility between any generated 
gases and the clay cap, According to the EPA develo:pment document for 
coke tar decanter sludge (K087), the composition consits of approximately 
97% elemental carbon and 3% condensed tar materials. As there are no de
composition products generated from elemental carbon and condensed tar 
materials, there will be no gases , Accordingly, · there should be no 
concern relative to the integrity of the cap resulting from gas generation. 

DSM:dp 

cc: Mr. Terry McNiel 



Ford Motor Company 

Mr. Larry Aubuchon 
Detroit District Office 
Michigan Department of Natural Resources 
ll20 vrest State Fair 
Detroit, MI 48203 

Subject: Ford Allen Park. Clay Mine 
EPA I.D. #MID 908568711 

Dear·Mr. Aubuchon: 

i 

3001 Miller Rosd 
Dearborn, Michigan 48121 

February 24, l984 
f 

TEB z 71984 
HAZt~.Rocus W;; 

,..,t<-.STE Di'''"'O• 111\)J. l'/ 

This is in· reply to your letter dated January 31; · l984 which reg_uested 

additional response to yo1rr concerns regarding Specific Condition Section 

item 5.A.4(a) in the subject facility's Act 64 Hazardous Waste Operating 

License. ~ 

As indicated in our letter to you dated February 15, l984, we have re

quested our hydrogeologic consultant, Prof. Donald Gray of the University 

of Michigan College of Engineering, to provide a response relevant.to your 

request for the suggested compatibility testing. Accordingly, please find 

Prof. Gray's reply enclosed herewith. 

In view of the hydrogeological documentation provided by this report, in 

addition to prior submittals, we concur with our consultant that further 

compatibility testing is unwarranted. 

If further discussion is necessary, please contact Mr. D9.vid Miller at 

( 313) 322-0700. 

IBM: dp 
Enclosure 
cc: Mr. T. McNiel I 
bee: J.1essrs. J. A. Esper 

C. Kircos 
V. H. Sussrnan 

oo. !I. Vaughn 

Yours very truly, 

.--<_ ~:-r;:r/ __ 
. ..v~-- c? _ 1 __ .FwJ'~ 

Ben C. TrethevTe.)', Manager --~ 

Mining Properties Department 
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' , 

1704 Morton Street 
Ann Arbqr, HI 48104 

16 February 1984 

Mr. David s. Miller 
Mining Properties Department 
Rouge Steel Company 
3001 Miller Road 
Dearborn, MI 48121 

RE: Allen Park Clay Mine/Landfill 

Dear Dave: 

I have revie\?ed the memorandum dated January 
Terry HcNiel, 'Technical Services Section, to Compliance Section, Detroit District, HDNR. 
essentially raises ·the following objections and conclusions in my report, viz., 

{ 

23, 1984, from 
Larry Aubuchon, 
The memorandum 

to the findings 

Objection 1. There is no substantiation nor literature citations to shmf that organics present in the vaste will not increase permeability. 

Objection 2. The presence and possible effects ofnapthalene in the vaste are disregarded. 

Ob ject.ion 3. Uncertainties remain about the actual composition and likelynature of the leachate. 

Objection 4. The report does not address the question of compatibility beb?een the follmring: 
a) Leachate and leachate collection system components b) Generated gases and clay cap. 

In the opinion of the HDNR revie~<er Objections 1,2,and 3 taken together mean that Specific Condition 5.A.4 (a) of Act 64 license is not satisfied. The reviewer goes on to say, ho~<ever, that they (HDNR) >vould accept compatibility testing between actual leachate being generated and t.he on-site clay being used for containment. I \vLll respond herein to these stated objections and opinion. Objection 4 '"hich pertains to Specific Condition 5.A.4 (b) and (c) is outside the scope and original charge of my investigation. 

CJbjection l is a version of the "guilty until proved innocent" syndrome. I understand and even sympa thizr2 >-ri th this approach i :1 rna tters uhich deul with the release of potentially hazardous :;ub:otances into t.he environment. There is, hm-rever, consiclere1ble ·cu'Jc; tan tid t ion in the published technical li tere1 ture for the ·nntention that organics present in low concentrations in aequous 1 •>1cha te \-rill not increase the per·meabil i ty of dense clays. 

··-------
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David S. Niller • 2 

Leachate permeability ·tests on :•;and-clay columns pacl~ to bulk 
densities vi thin the range of densi lies of na tura;r~lays (Cart
\night et a!_., 1977) have show1 that permeability actually 
decreased 1vith passage of leachate ·(containing o1·ganics). These 
tests were continued for periods up to nine months. Decreases 
Here even more pronounced for ra1·r, unsterilized 'leachate. In 
addi·tion to permeability reduction from the passage of leachate, 
Grift:_:hn and Shimp (1976) have shmm that heavy metal ions (Pb, 
zn·;··-cd, Hg) a.t;e strongly attenuated by clay. Organics that 
Here present in the leachate ~Vere only __ _.'1Jpctera tely attenuated , -
by the clay; they did not increase liP:lra_lJ)._ic c6nducti viE:&---- L,,~j .-r-/ 

He have also conducted long term leachate permeaniTJ. ty tests -_-,j~·-· 
ourselves on a silty clay almost identical in composition to f·;c ·-··· 

the clay underlying the Allen Park Clay Hine/Landfill site } 
(Gray, 1982) and found the same results, i.e., no increase in 
permeability. vas observed. A chemical analysis of. the leacha·tes 
used in all these permeability tests is attached. Note the 
presence of napthalene in one of the leachates.:.-a constituent 
1vhose presence and influence the !1DNR revie1ver claimed we had 
not considered. i'Note: Cited references are listed in an 
attachment to this letter report.X 

It is important to emphasize again the fact that 
meability tests conducted by Anderson (1982) are 
sentative of conditions at the Allen Park site. 

leachate per
totaly unrepre
These tests 

are often cited as an example of the deleterious influence of 
organic solvents on clay liner permeability. -Anderson's tests 
are unrepresentative and irrelevant for the follm-ring reasons: 

1. He used pure organic solvents. The leachate at the 
Allen Park Clay Mine/Landfill vill be an aequous extract 
containing very lo;r concentrations of organics. 

2. He forced the solvents through clays at extremely 
high, positive gradients. Anderson used positive grad
ients ranging from 60 to 300. At the Allen Park site 
there ~11 be negative (reverse) gradients ranging on 
the order of -0.3 (Horst. case) to -2.7. 

Other objec·tions can also be cited in regard to Anderson • s test 
procedures and resuit.s. He used a rigid Hall permeameter t-rhich 
permits channeling bet\feen sample and container. The recommended 
procedure to avoid this potential problem is to use a flexible, 
pressurized jacket. Large reported increases in permeability - 1 
should be vie1ved ~Vith some skepticism l·rhen rigid '\·Tall permea
meters have been employed. ·-·--''"'-l 

~,-,... ~----
Green et al. (1981) have investigated in great detail the char
ateristics of organic _solven·ts that affect their rate of 1:1ovement 
(permeobility) in cq_mpac.ted.~_clay. They measured the equilibrium 
!Jermeability of three clays (-~clay shale, a .fire clay, and 
i·:ctolinite) ·to ·the follm·ring solvents: benzene, xylene, carbon 
t.~ trachlor idP, ·trichloroethylene, ace ton(~, methanol, glycerol, 
u.ilcl Hater~ . T'neir study sho\-.recl that it is the hydrophilic or 

._.._,_-..._ 



: :.;:_-. nav id S., :<iller J. 

hydrophobic nature of the solvr"nt (as measured by the octanol/ 

vrater pa.rt_j._-tioning, coefficient or roughly by tlle pi.elGct.ric 

const.a:1t) and not the viscosity/density ratio that is important 

in predicting a solvents rate of flov through clays. According 

t.o their findings \·rat.er, \vhich has a high dielect.ric constant, 

al\-rays exhibited the highest permeability. In a·ddit ion, they 

found that the packed clay density is crucial in determining 
hm-r per"-1euble a clay \·rill be to a given sol vent.. . At high bulk 

densities ( on the order of 115 pcf or 1. 85 g/cc )' the sol ven·t 

characteristics beca•ne less important in dif~erentiating per

meability response. 

Green et al. (1981) also observed that solvents of low dielec

tric constant (e.g. xylene and carbon tetrachloride) tended 

to cause shrinkage and cracking of some of the clays. This 

phenomenon, kno\rn as syneresis, can and eventually did cuuse 

an apparent permeability increase in some of the clays that 
were tested. The same phenomenon ;ras reported by Anderson(l982) 

in some of his experiments. It must be emphasized again, 
ho\rever, that the effect has only been observed and reported 

;rhen several pore volumes of pure, lo~-r-dielectric organic solvents 

are forced at very high gradients through clay columns. These 

conditions simply do not occur at the Allen Park Clay ~line/Land

fill site. 

On the contrary, the conditions at the Allen Park site are ideal 

for.effective containment, viz., ; 

1. The site is underlain by a thick (X~ 25 ft) section 
of dense, competent silty clay ( ll'y "" 115 pcf) ,.,ith 
a very low hydraulic conductivity ( k = 2 x 10-ll em/sec) 

2. A negative hydraulic gradient exists at the site as 
result of artesian conditions in the underlying aquifer. 

Even under uorst case assumpt.ions (viz., leachate levels 
rising to the top of the landfill) a negative gradient 
of- -0.3 will still be present. 

3. The leacha·te consists of very low concentrations of 
organic and inorganic solutes in an aqueous solution 

as opposed to a pure solvent. 

Under these conditions advective transport or hydraulic seepage 

ceases to dominate pollutant movement across a clay barrier 

(see Gilbert and Cherry, 1983; Tallard, 1984). Instead, diffu

sion under chemical concentration gradients becomes r~ore impor

tant, and it is this transport mechanism that must be evaluated 

carefully. I have dealt \fith this problem both in my original 

report and in my subsequent letter report to Hr. Harle Young, 

1-/ayne Disposul, Inc., dated 25 September 1983. I sho•.-Jed that 

2ven u:tder worst case asstnnptions of no par~itioning or attentta

t.ion of pollutants and minimum, negative hydraulic g1·adient.s 
brea1-:throuqht. times \'!OUld be on the order of thousand~-:; of years .. 

Intf~restingly, if the calculations art:~ repeated allO\·:in-:J the 
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hydraulic conductivity or perm<_,,,:)ility to double or even tripl<', 
·the ·brt~a1:.:t.hrough time increase even more because ~10\· . ..- the co"!.-1ntt~r 
advect.ive flmr is more effective in opposing the dm,'nvanl diffu
sion of solutes along their concentration qradient. 

I come nm·r to the HDNR comments about requiring compatibility 
testing (>.rhatever that means) between actual leachate and the 
clay liner material. Unfor-tunately, the procedure, rationale, 
etc. for such tests are no·t specified. Hha·t is neing required 
... that the leachate be forced under high hydraulic gradients 
·through a thin sample of the silty clay? Tne- results or signi
ficance of such __ a tes·t would be ambiguous at best and meaning-· 
less at >wrst in -thTs-·case-.-In-mi.opin:Con,-slicii.-tests vould 
be an exercise in futility and irrelevance given the condition 
and circumstances at the Allen Park Clay Mine/Landfill site. 

Breakthrough times in diffusion controlled ·transport are 
extremely sensitive to thickness of the barrier. In order 
to replicate conditions in the field at Allen Park; compatibi
lity or flmv tests should be run on a sample column 25 feet high 
under·a negative gradient no less than -0.3. After a wait time 

/' of thousands of years such a test would merely confirm vrha·t 
is already .. demonstrable. 

" ...... 

It is my professional opinion that in this instance the require
ment for compatibility testing and concern over permeability 
is a. diversion from the real issue which is the likelihood of 
diffusion transport of solute across the clay. I have shmm 
t.hat this >·rill not be a problem at the Allen Park Clay Hine/ 
Landfill site because of the thickness, competency, and density 

''of the underlying clay together with the existence of a negative 
gradient. · 

'I find it baffling that HDNR can approve a thin, clay slurry 
wall for a toxic was·te site (see Consent Judgment, U.S. District 
Court, u.s. Envl. Protection Agency and The State of Nichigan, 
Plaintiffs, vs. Velsicol Chemical Corp., Defendant) based on 
meagre and inadequate evaluation whilst insisting on irrelevant 
\tes·ts for a thick, natural clay containmen·t system at Allen 

.. ···Park that is ideal in nearly every respect. 

Sincerely, 

CV~JJ.rvl 
Donald H. Gray 
Professor of Civil Engineering 

t\t tachmen·ts 
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Table 2. Chemical Analysis of Landfill Leachates 

' 

Analysis 

Na 
K 

Ca 
!1g 

Cu 
Zn 
Pb 
Cd 
Ni 
Hg 
Cr 
Fe 
Mn 
Al 

NH4 
As 
B 
Si 

Cl 
so 4 
N03 

HC03 

COD 
TOC 
TSS 

pH 
Spec. ° Cond. (mmhos/cm) 
Equiv. TDS 
Organics: 

organic acids (phenol) 
toluene 
napthalene 
chlorobenzene 

DuPa_ge County 
Landfill-mg/l 

748 
501 ° 

47 
233 

<O.l 
18.8 

4.46 
l. 95 
0.3 
0.0008 

(0. 1 
4.2 

<O .1 
<O .1 

862 
0.11 

29.9 
ll!. 9 

3484 
<O. 1 

13l,O 

6.9 
10.2 

6528 

0.3 

Wayne Disposal 
Landfill-mg/1 

3{>00 

46 
370 

0.55 
5.0 
0.91 
0.10 
o. 4 0 
0.010 
0.31 
7.77 

-
1540 

o. 004'• 
' <0.005 ° 

5800 
200 

<O. l 
6920 

2160 
2500 

512 
7.6 

28.0 
17,920 

3.6 
o. 4 5 
0.44 
0.008 
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111026 

Hr .. Ben C. Trethewey, Manager 
Ford Motor Company 
Hining Properties Department 
3001 Miller Road 
Room 2042 ROB 
Dearborn, Michigan 48121 

RONALD 0. SKOOG, Director 

January 31, 1984 

Subject: Allen Park Clay Mine, Wayne County (MID 908568711) 

Dear Mr. Trethewey: 

Thank you for your ·letter dated December 6, 1983 responding to the concerns raised in my November 23, 1983 letter. I consider your response to items 1, 2, 3 and 8 acceptable at this time and will evaluate the adequacy of your program during future inspectionsv 

This Division has acknowledged your compliance with Specific Condition 18D2 which was necessary to address item 7 in my letter. I have requested additional information from the City of Allen Park and the City of Detroit which will aid in determining your compliance with Specific Condition l8Dl (item 6). 

The construction notification given to this Department 3 or 4 months prior to actual construction is not acceptable. The condition in the permit states, "shall notify the Director of construction progress". I request that in the future a schedule of construction activities be provided to enable us to have a better working relationship and allow this office to monitor the construction while in progress. 

The rationale and documentation as to complying with items 4a, b, c and Sa of the Specific Condition Section has been reviewed by Terry McNeal, Technical Services Section, HWD and found deficient. Mr. McNeal's memo discussing the deficiencies has been enclosed. You are requested to submit a time· schedule by February 15, 1984 1vllich would provide a time frame for addressing the deficiencies for eventual compliance with this condition of your license. 

If you have any questions, please contact me. 

Enclosure 

c~=. J. Bohunsky 
. '~(. Burda 

Sincerely, 
HAZARDOUS WASTE DIVISION 

~(L~ 
Larry AuBuchon 
DETROIT DISTRICT OFFICE 
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z-0 
O::toher }91 l%3 · 

Ste-.. 1,rt Freem,·:r~13 i'.ssistant A'tt.o:cney f'P-neral 
E..'1vimt'.rnental Protection Divl3ior\ 

Jade~: D. Bails, Chief 
. EnvirotJrJ?ntal Enfo:cce::ient Division 

. Contested Case Eeadngs ~ 1979 ?A G·~ 
Haz~n:clous 'f.·I.3ste Disr..osal _Facility Licenses 

A:s \'~-e discussed, I a-a 
case hearings to :you.., 

her.cby referring 
'Ihey are: 

five «;) ,_ " t " ,... . t ,J rec.rues .... s .t . ..or con es teo 

/' 

·1.· 
2. 
3. 
4. 
5. 

vrayn~ Disp:Jsal 
Ford - J',llen :Park Clay ;-\ille 

. Fon:J - Setline 
Rwiromnental ·Nast.e C"Jntrol Inc. 
Ed'.vard c. JA:;vy Comparw 

A. file Ct.::J?fv a short str.:naVJ of the :LS.S\.J2~1r a;td t..~e D.?~Jarb.i:-~nt }?"'"..)Si.t:ion 
on eac__._~ issue ar-2 attacheG. 

Y-Ie b2liev"'e·· that so-ne of these cas-e-s can be :L"~'!sol~r.dl Ult"Ql .. .1=jh neqot~iation
with the- comr...aniesr and '""uuld li.~e to rr.>eei::. \'lith t.'-1-c C0.7.pa.rde3 as SC"'-->On as
'[.X)!:"-JSible to begin _disc..Jssicns... C"-;arJ NZ!n ~·Illl be contacting yo~ shortly· 

. to <1iscnss ·t..he next steps to be: taken to move these rr-,atters ahea-::1$" 

tJ~3 :c·~I: jp 
Attacl-r.:nent 

-.~. 
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FORD HJ'IOR 0Jm'l\'0Y 
ALLEN PA.CU\ CLAY 1-\I:qE 
Su~TilHLY of: Issue:-:; 

'Ihe duratiotl of license, o::>ndition 28 of part I, conditions 2, 4 .A., 
9.B.l., lO.A, lO.C., l2.C, 16, lS.B., 18, 17 and 19, •raoles l, 2A, 2B, 4 
and 5, and nurrerous general conditions of Ford Allen Park Clay Hine's 
Disposal Facility Operating License are being contested by the =Jr{lany. 
Tne license was issued on October 22, 1982. 

l. Ford objects to the .four-year license period and claiTIB license 
should be valid for ten years. The four-year period is consistent 
with other licenses Hhich include schedules of =ro;oliance. The 
shortened license allo'ws Departrrent reviev1 of company compliance 
with upgrade requirerrents before a long-ter-m license is issued. 

2. Part I, Section 28. The Departm~nt agrees that this section should 
be deleted. 

3. Part II, Sections 2 and 4.A. -Ford objects to being ~:estricted to 
the types and quantities of waste listed in the li.cens.e. The 
Departrrent cannot =mpromise on this issue and is willing to contest 
it in a hearing. Staff feels it is unlikely this issue will be 
resolved short of a hearing. 

4. Part II, Sectio'l 9.B.l. Ford clai!l'6 =npaction standards in this 
section are contrary to the rules. The Departm~nt agrees and will 
adjust the license condition to ooincide with the rules. 

5. Part II, Section lO.A. Ford clai!l'6 the leachate =llection system 
specified in the license is unnecessarily elaborate to ~et the 
rules. The Departrr2nt is vlilling to revie,o~ any alternate proposal 
from the corrpany and will approve if such proposal rr2ets the standards 
oE the 1:u les. 

6, Part II, Section lO.C. Ford contests the requirerrent for Class II 
sand in the leachate collection system. The Departrrent may allow 
s:>rre variation from this standard but must have uaterial which is 
oonsistent and can assure the necessary performance. 

7. Part II, Section 12.C. Ford contests the requiren12nt for a wheehvash 
station. The Department will revie,v for: approval any proposal 
\vhich assures that no 1qaste 1mterials are tracked out of the site, 
or alloHed to vlash into surface drains. 

8. Part II, Section 16, and Tables 2A an•) B. For:d clairrs t.'<at the 
artesian condition of the ground,vater at the site precludes the 
px;sl.bility of oEf-site migration of contaminants so no grourvl-•ater 
rro<1itoring sk)ulil be required. Tne Departrrent agr:ees that thL 
featut-e oE the q:-:.x~nr'!;-1atec is a favorable condition and is lik:-ly 
to pceclude oEf-sic.e mt<Jc';r(ion, but ~Dnitoring must be undert< .on 
to assure that no:1e occucs. 
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Ford further oontends that if rronitoring is to be required, the 
program in the license is inoonsistent with the requiren-ents of 
RCRA and ignores previous !lDni troing results. The Departrrent. is 
willing to discuss specific changes Ford my request. 

9. Part II, Section lS.B. Ford contests the license prohibition 
against reintroduction of leachate into the fill area. This item 
is non-negotiable as there is no sound engineering reason for this 
practice in such a facility. 

10. Part II, Section 18, and 'l'ables 4 and 5. Ford contests leachate 
rron~tonng requirerrents ,,fth the follo\·ling claims: 

11. 

a. l'!onitoring should be oonsistent 1>1ith Detroit se~er ordinances. 
Tne Department feels that because of the type of waste (coke 
tar) at this facility, a much broader range of ccmp0unds m~st 
be nnnitorecl than required in the relatively W1Sophisticat.ed 
Detroit ordinance. c. 

b. GC-NS technology is not necessary to acconplish proper nDnitodng. 
Tne Departrrent \dll entertain other proposals but is not awaie 
of any others which would be acceptable. The response/noise 
rat~o requirerrents may be somewhat flexible. 

c. Act 64 does not regulate discharge to se~~ers. Amendrrents to 
Act 64 adopted April l, 1983 have elimi"nated the previous exerr,'ltion. 

Part II, Secti~• 17. Ford 
surface water m:mi taring. 
for specific changes. 

contests. sorre of the p3.ran-eters foe 
The Departrrent will entertain proposals 

12. Part II, Section 19. Ford contests the requiren-ent for an air 
rronitodng program. The ooly possible point of negotiation is the 
auratioo of the program should the first year of data sha.vs no 
problems. 

13. Ford objects to the inclusion of nwrerous general provlSlons in the 
J.i<--ense, but does not state any specific problems. Staff contacts 
\'lith Ford have indicated that this ITBY not be a problem, but any 
specific problems Ford may have must be identified for the Departrrent 
to respond. 

G'l: jp 
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VAYNE DISPOSAL. INC. 
POST OFFICE BOX 5187, DEARBORN, MICHIGAN 48128 • (313) 326-0200 

October 20, 1983 

Ms. De Montgomery 
Michigan Department of 
Natural Resources 

Hazardous Waste Division 
P.O. Box 30038 
Lansing, MI 48909 

Re: Allen Park Clay Mine, Allen Park, Mlchigan 

Dear Ms. Montgomery; 

I received a call from Professor Donald Gray today and learned 
that you have had a discussion with him recently concerning 
his report on solute transport through ~lay liner soils at 
Allen Park Clay Mine. 

As he indicated to you, he has completed addi ti.onal work on 
the problem through the use of a computer program he has 
written. Enclosed is a copy of his letter and the results 
of this work which were recently submitted to us. The results 
support the work previously reported by Dr. Gray. 

Please let me know if additional information is required 
concerning the groundwater monitoring variance request for 
Allen Park Clay Mine. 

Sincerely, 

WAYNE DISPOSAL, INC. 

t3fz~,~t-v au. YP~(j-. 
Mark A. You , .E. 

MAY/ap 

Encl. 

cc: Mr. David Miller, Rouge Steel Company 
Mr. Jerry Amber, Ford Motor Company, SSECO 
Profess6r Donald Gray 

l i L :. 

OCT 2 5 '!983 





Mr. Mark Young 

1704 Morton Street 
Ann Arbor, Michigan 
48104 

25 September 1983 

Wayne Disposal Company 
P.O. Box 5187 

Dearborn, MI 48128 

RE: Allen Park Clay Mine/Landfill 

Dear Mark: 

I recently wrote a computer program (*CLAYWALL*) that can be 
used to calculate solute transport across a clay barrier under 
combined diffusion and advection (hydraulic flow), The pro
gram computes the exit/source concentration ratio (C/Co) as a 

function of elapsed time (t) on the downstream side of a clay 
wall or barrier of thickness (X). 

The program was written with a clay slurry cut-off wall in mind, 
but is general enough that it can be used with any clay layer 
or barrier. The input parameters to the program are: 

De 
K 
X 

p 

I 

t = 

= 
= 
= 

= 

~ 
efffective diffusion coefficient, ft /yr 
hydraulic permeability, ft/yr 
thickness of wall or barrier, ft 

= porosity 
hydraulic gradient ••• (+) if same direction, 
(-) if opposite direction to solute concen
tration gradient 
elapsed time, yrs 

The program is based on the solution to the equation that des
cribes one-dimensional solute transport in a saturated porous 
medi urn under both hydraulic and solute concent.ra tion gradients. 
This equation has the following form: 

C/Co = 0.5[erfc( (X-vt)/sqr(4J:i,K)) + exp(vX/D) erfc( (X+vt)/sqr(4~K))] 

where: v = ave seepage velocity = (KI/P) 

The solution assumes the following conditions: 

1. Saturated, one-dimensional flow. 

2. No reaction between solutes and porous medium. Chloride 
typically behaves this way. 
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Mr. Mark Young 

3. Diffusion controlled, i.e., the pore water velocity is 

so low that mechanical mixing is negligible and the dis

persion is' equal to the effective diffusion coeffficient. 

(this condition is satisfied when K< l.OE-07. 

I ran the program using data for the silty clay layer underlying 

the Allen Park ClayMine/Landfill. The following values for the 

input data were used: 

D = 0.102 ft~/yr (6.3E-06 cm~/sec) 

(published value for clay tills) 

K = 0.025 ft/yr (2.5E-08 em/sec) 

X = 30 ft 
p = 30% 
I - -0.1,-0.3, and -1.0 

The results of the analysis are shown in the attached graph. 

At a counter hydraulic gradient of -0.3 the exit/source solub" 

concentration ratio does not exceed 0.0001 until 700'years 

have elapsed. You may recall tha.t a counter hydraulic gradient 

of -0.3 occurs when the leachate is allowed to rise in the land

fill to the ground surface ••• a worst case scenario. For larger 

(negative) counter hydraulic gradients the ratios become even 

smaller. In fact for I< -0.5 (i.e., counter hydraulic gradien·ts 

larger than 0.5) the ratio C/Co is less than 1.0E-05 at all 

elapsed times. 

These results confirm the findings of my earlier report which 

were based largely on analogy to solute transport studies in 

clay aquitards. The present findings are based on analysis 

of actual .soil and site parameters. Keep in mind, also, .that 

the analysis is still quite conservative because it neglects 

possible adsorption (reaction) of solutes with the clay. 

A copy of the computer program and typical output are enclosed. 

It is written in BASIC and is designed to be run on a personal 

computer. If you have any questions about the analysis, please 

feel free to contact me. 

Sincerely, 

~~~y-~ 
Professor of Civil Engineering 

Encl 
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J 
run 

Porosity: 0.3 
Permeability(ft/yr): .025 
Diffusion Coef(ft /yr): 0.102 

~'fall Thickness: 30 
Hydraulic Gradient: -0.3 
Time(yrs): 500 

1st Argument(Y1)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

Continue Calculations (y/n) ? y 

Time(yrs): 750 

ist Argument(Y1)is: 
1st Error Function is: 
2nd Argument(Y2}is: 
2nd Error Function is: 
Exit/source Concentration Ratio 

Continue Calculations (y/n) ? y 

Time(yrs): 1000 

1st Argument(Yl)is: 
1st Error Function is:. 
2nd Argument.(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

Continue Calculations (y/n) ? y 

Time(yrs): 2000 

1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/source Concentration Ratio. 

Continue Calculations (y/n) ? y 

Time(yrs): 5000 

1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.9756 
0.9999 
1.22525 
0.9173 

(C/Co)is: 

2.78685 
0.99979 
0.64312 
0.63658 

(C/Co)is: 

2. 72291 
0.99973 
0.24754 
0.27399 

(C/Co)is: 

2.80056 
0.9998 
-0.70014 
0 

(C/Co)is: 

3.43176 
0.99998 
-2.10334 
0 . 

(C/Co)is: 

-----------------------
-----------------------

--------~ 

Continue Calculations (y/n) ? n 

BE-05 

2.2E-04 

3.7E-04 

4.2E-04 

3.3E-04 
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Sill'J.lARY 

The possibility of leachate migration downward from the 

Allen Park Clay Mine/Landfill and contamination of an aquifer 

beneath were evaluated. 

Analyses show that density differences between the leach

ate and groundwater will not cause a downward migration nor 

will they lead to a diffusion efflux from t.he site. A thick, 

uniform layer of silty clay beneath the site coupled with an 

upward hydraulic gradient effectively precludes the latter. 

Comparison with results of salt water intrusion studies 

across clay aquitards having similar properties as the clay 

beneath the Allen Park site show that the solute (salt) will 

take at least _800 years to migrate across a clay barrier 30 feet 

thick under chemico-osmotic diffusion alone. A counter (or 

upward) hydraulic gradient will lengthen this breakthrough 

time even further. 

There are insufficie~t amounts of organic compounds in 

the waste to affect the permeability of the clay. The proba

bility of accelerated. leachate migration through the underly

ing clay is not supportea by the composition of the >v-as:tes 

and the nature of the clay nor by the findings of leachate 

permeability studies reported in the technical literature. 

Under these circumstances any observed increases in 

contaminant levels of monitor wells in the aquifer und_erlying 

the site could more reasonably come from sources laterally 

upgradient from the site rather than the clay mine/landfill 

above the site. " r l 
.l 
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CONTAINHEN1' INTEGRITY OF ALLEN PARK CLAY NINE/LANDFILL 

I. INTRODUCTION 

~he Ford Motor. Cor:1pany 1.vho operate the l-~llen Park Clay 
.>Li.:-12/:Uandfill have· recently petitioned to discon·tinu.e groUnd 

water monitoring of an aquifer located approximately 70 feet 
below existing grade at the site. The landfill is underlain 
by dense, lacustrine clay which behaves as an aquiclude or 
aquitard. At least 25 feet or more of J~esidual clay 
thickness separates the bottom of the landfill from the 
underlying aquifer. The aquifer is under artesian pressure 
and exerts an upward hydrostatic pressure on the base of'the 
clay aquitard equivalent to 80 feet of head. A general cros,o; 
SPCtion.or profile illustating these soil and hydrologic 
conditions at the site is shown in Figure l. 

Applicant maintains in his petition for discontinuance 
(EPA I.D. No. MIT 980568711) that monitoring is not necessary 
at the site because of a) the dense, unifonn clay underlying· 
the site which has a hydraulic permeability no greater than 
6 x 10-acm/secand b) the artesian pressure in the underlying 
aquifer which results in an upward hydraulic gradiE!nt across 
the overlying clay aquitard. Applicant claims that these • 
site-conditions will preclude the possibility of leachate 
migrating dow-nwards out or the landfill and eventua:tly conta
minating the aquifer. 

In response to this ·petition, the i·layne County Department 
of Public Health has raised several questions and concerns 
(letter form R.N. Ratz, Public Health Engineer, to B. Trethewey, 
Mining Properties Department, Ford Motor Company, 28 April 1983). 
The following concerns were raised in the letter: 

l. The petition/report·fails to address the possibility 
of leachate migrating down due to differences in 
densities of the leachate and ground1vaner. 

·- L 

' 
2. The petition/report does not indicate ff there are 

any organic constituents in the leachate that may 
increase the clay's permeability and pertnit downward 
movement. 

The purpose of the present report is to respond to the· 
above stated concerns. Additional information about the geo
hydrology of the site, about past containment/migration studies, 
and about the likely nature of the leachate and its effect on 
clay permeability are evaluated herein to determine the danger 
o~.landfill leachate migrating downwards from the site and 
reaching the underlying aquifer. 
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/ II. THE INFLUENCE OF PE&'!EANT DENSITY ON LEACHATE MIGRATION 

ACROSS CLAY-BARRIERS 

A. GENERAL 

Permeant density plays a direct and indirect role in flow 
phenomena in porous media~ Per-r..eant density can affect sol vent 
or solution flow rates via its influence on hydraulic conducti
vity. This influence can be calculated and shown to be minor or 
insignificant compared to the more likely and important influence 
of permeant density on solute diffusion. 

A newly introduced permeant with a high concentration of 
dissolved material (e.g., a leachate) will also have a higher 
density. This high concentration in turn will cause the solute 
to diffuse through a porous medium to regions of lower concentra
tion. It is this manifestation or aspect of a density increase 
in the permeant that requires careful scrutiny and analysis. In 
other words, the role and influence of pe.rmeant density are 
more important to solute diffusion under concent:cation ;:rradients 
as opposed to solvent (or solution) convection under hydraulic 
gradients. · 

The analyses that follow are offered in support of these 
claims. 

B. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PERMEABILITY 

Both the viscosity -and unit weight of a permeant can influence 
the permeability of a soil to a particular permeant, The hydraulic 
conductivity is defined in this case as a flow velocity under 
a unit hydraulic gradient (the usual practice in civil engineering). 
The influence of permeant density and viscosity can be ascertained 
explicitly by defining another permeability, i.e., the "intrinsic" 
or "absolute" permeability 

where: k 
K 
0 
)l 

= 
= 
= 
= 

.:.\ hydraulic conductivity, em/sec 
intrinsic or absolute permeability,.cm~ 
permeant density or unit weight, dynes/cm3 
permeant viscosity, poise 

( 1) 

The intrinsic permeability(K) is a property only of the 
solids or matrix through which the permeant passes. Accordingly, 
for a particular soil (i.e., given grain size distribution and 
soil structure) and in the absence of permeant-soil reactions, 
K .should be a constant. The influence of a variation in v'isco
sity and density of the permeant on the hydraulic conductivity 
can be determined from this fact and from a relationship derived 
from Equation 1, viz., 
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/ 
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/ 

/ 
(2) 

\vhere: subscript 1 - initial conditions (grnd water) 
subscript 2 final conditions (leachate) 

An increase in density of the permeant will apparently 

cause a highe::- permeability. But, this sarct2 increase in. 

density can also result in an increase in viscosity which 

will reduce the permeability. Both influences together ~ill 

tend to offset one another, and it is unlikely that a density 

increase in the permeant (leachate) will significantly affect 

hydraulic conductivity. Furth.ermore, even if viscous 

retardation is discounted, density increases are highly 

unlikely to significantly increase permeability in actual 

practice as the following example will show. ' 

Assume the ground above an aquitard or clay barrier is 

flooded with a fair-ly concentrated brine solution, namely 

sea water. The density of sea water (1.1ith a •rns of 36,000 ppm) 

is 1.036 gm/cc at 4° C vs. the densi·ty o:f the present intersU_-· 

tial water (with an average TDS of 1550 ppm) which is L002 

gm/cc. This leads-to a density ratio of 1.034 which is equiva

lent to only a 3.4 per cent increase in hydraulic conductivity 

(discounting viscous retardation). Therefore, density 1;as 

little effect on hydraulic conductivity despite the almost·20 

fold increase in dissolved solids concentration. It is the 

influence of the la.tter change, i.e., the increase in dissolved 

solids concentration, that requires careful analysis in evaluat

ing the effectiveness of a clay barrier in containing leachate 

migration in this case. -

C. INFLUENCE OF PERMEANT DENSITY INCREASE ON SOLUTE DIFFUSION 

1. Background 

Dissolved solids or solutes in a permeant can be trans

ported through soils under both hydrau:lic and concentration 

gradients. The former is referred to as "drag coupling" and 

the latter as "chemica-osmotic diffusion." .l Both types of 

movement should be considered when evaluating the effective

ness of a clay barrier for preventing leachate migration. 

Chemica-osmotic effects in fine grained soils have 

been examined in some detail by Olsen (1969) and Hitchell 

et al.(l973). The importance of chemica-osmotic diffusion 

increases in fine grained soils wia_th low hydraulic conducti-· 

vities. Studies commissioned by the State of California(l971) 

on salt intrusion problems in aquifer-aquitard systems have 

shown that as aquitards become clay rich and their permeabi

lities fall to levels on the order of .002 gpd/ft~ or 10- 7 

em/sec, the migration of solutes will be controlled by chernic_o

osmotic diffusion. 



r 
2. Flo>v of Solute under Combined Hvdr. and Chem. Gradients 

Equations can be derived which describe the flows 

of solute and solution in the pores of a sediment. The 

derivation of these equations and assumptions on which 

they are based are given by Hitchell et al. ( 1973). The 

one-dimensional, vertical, steady state flux of solute 

across a clay aquitard und-2r a combin~d salt concen·tra

tion(chemical) gradient and hydraulic gradient is given 

by the following relationship: 

where: ~ = salt flux across an aquitard, moles/sec/cm"<

oh/oz =hydraulic gradient (dimensionless), . 

acs/az = solute concentration gradient, moles/cm4 

n· .. = diffusion constant, cm~/sec 

R = gas constant, ergs/mole/°K 

¥...,=density of water, dynes/cc 

T = absolute temperature, ~K 

cs = average salt concentration, moles/cc 

kh = hydraulic conductivity, em/sec 

kch = chemica-osmotic coupling coefficient, 

cm5/mole/sec . 
Relative contributions to the salt or solute flux 

can be calculated from Equation 3 .. Movement of solute 

can occur by diffusipn whether a hydraulic gradient ,is 

present or not. A superposed hydraulic gradient may re

tard or accelera~e movement of solute depending on: 

a) Relative magnitude and direction of the hydraul.ic 

and solute concentration gradients. 

b) Values of the hydraulic cond1,1ctivit.y and chemico

osmotic coupling coefficient. 

(3) 

Equation 3 only yields the steady state flux of solute 

under combined hydraulic and chemical_gradients. Equations 

can also be derived that give the initial"o'r time dependent 

solute fluxes and the time required for "breakthrough" or 

first appearance of increased solute concentration on the 

downstream side of the aquitard. This initial, non-steady 

state process is quite complicated• Examples have been 

worked out for aquitards of different thicknesses and compo

sition by Mitchell et al.(l973). 

One of the most important findings of these studies 

on salt flux across clay aquitards was the importance of 

aquitard thickness on breakthrough time. Because the ini

tial movement is non-steady, the breakthrough tj~e_jnc~easeq 

w·i th the _§_gUare of tre th:\ockriei'?.;;; __ 01::<:tha.-aq:u;~.n.;~;A,_ Theore

tical studies of sale: wate.r intrusion across aquitards 

(State of California, 1971) have shown that salt ions will 

I 
I 
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take up to 800 years to migrate across an aquitard 30 feet 

thick under chemica-osmotic diffusion alone. If the thick

ness is reduced to 10 feet, the breakthrough time decreases 

to only 80 years. The presence of a~ hydraulic gradient 

could either accelerate or retard this time depending on 

the relative magnitude and direction of this gradient and 

other factors cited previously (see Figure 3). 

3. Likelihood of Solute EfflQX Through Clay at Allen Park Site 

Solutes will tend to migrate or diffuse dowmvard from 

the landfill along a concentration gradient. On the other 

hand, this movement can be impeded or even arrested by 

the upward hydraulic gradient as a result of artesian 

pressure in the underlying aquifer. Static -vrater levels 

in monitor wells around the landfill show that the piezo- ------

metric surface-is almost 10 feet above existing grade or 

ground surface elevation at the site (see Table 1). The 

net, steady state flux of solute, if any, can be deter-

mined under these conditions from· the solute flmr equa·tion 

cited previously (Equation 3). 

It is also pertinent to examine the results of a 

similar type of study commissioned by the State of

California ( 1971). The latter study >vas designed to 

. . . ' 
determlne salt efflux rates and breakthrough tlmes ln. an 

aquitard-aquifer system in the coastal ground water 

basin near Oxnard, California (see Figure 2). The 

problem posed in the California study was basica-lly the 

same as the pre-sent one; namely, given a sudden 

increase in dissolved solids or solute concentration 

atop a clay barrier (or aquitard) how long before the 

salt migrated downward and reached an underlying aquifer 

and at what rates of efflux? The problem was compounded 

in the California example as a result of drawdown of the 

piezometric surface in the underlying aquifer which also 

caused a downward hydraulic gradient. 

The two aquitards are quite simiiar i'p.1their 

important respects. Both are approximater"y the same 

thickness, have the same initial dissolved solids concen

tration, and are composed of clayey sediments with low 

hydraulic conductivities. The salient charateristics 

and parameters of these two aquitards are summarized 

and compared in Table 2. The main difference appears 

to be in their respective hydraulic conductivities--

the Allen Park clay is an order-of-magnitude lower. 

A dissolved solids concentration equal to that of 

sea water was ass~~ed in the leachate overlying the Allen 

Park clay. Sea water is a good "worst case" choice because 

sodium ions have high diffusion mobilities and are not 

preferentially adsorbed on clay exchange sites as heavy 

'-"·~--~----m-•a---------.m...,.....;""=---"""...
.;....;_,..Jt~ ... z.,=="'· .,.....,_., __ ,. __ , ---I!!I!I!Ri&lli!ll!lli!ll!!l!lll!!l!!l!!lllll--~---~~~--~-. 
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TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE PAP~~~ETERS 

AQUIT~qD PROPERTY 
OR SITE PAP~ETER 

Composition 

Thit;kness, ft 

Ave. Water Content, % 

Ave. Liquid Limit, % 

Ave. Hydrau~ic Conduct, em/sec 

' . d h. 
Hydrau~~c Grad~ent ~ d~ 

Initia~ (interstitia~} 
Pore Water So~ute Cone, ppm 

Fina~ Solute Cone, ppm 

Chemica-Osmotic Coupling 
Coefficient, cm5/mole/s~c 

OX..'IARD 
CALIFORNTA 

c~ayey si~t & 
si~ty clays 

30 

24 

31 
:..7 

1 X 10 

0.33 ,_· 1 .• 0 l 
(downward) 

1800 

36,000 

-4 
6.2 X 10 

l 

ALLEN PAR:-<. 
MICHIGA.t\1 

si~ty clay 

. 25 - 35 

'20 

28 
-B 

2.6 X 10 

f550 

36,000 
(assumed) 

-4 
6.2 X 10 

-·-----~-- '' "' 



OCEAN MARINA 

f:~'i?;;t AQUIFER 

F\A-@'§%1 AQUJTARD 

Figure 2. Generalized cross-section of multiple aquifer in a 
coastal basin. Salt flux across aquitard can occur as 
result of either salt water intrusion into aquifer (1,2) 
or salt water entering directly above aquitard in shal}ow 
coastal waters or marinas (3,'±), or from salt contamina~ 
tion_ in near surface, per'cbed aquifer (5). 
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Figure 3. Solute efflux across aquitard into underlying aquifer as 
a result of salt water intrusion in overlying aquifer. 
Aquitard is 30 feet thick and bas a hydraulic conducti
vity of 10-7 em/sec. Pumping from lower (Mugu) aquifer 
superposes a 0.33 downward gradient on system. 
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metal ions would tend to be. The same chemica-osmotic 

coupling coefficient. used in the California aquitard "ras 

also assumed applicable for the Allen Park clay. The value 

used is reasonable for the type of clay sediments present. 

Results of the California study are presented in Fig

ure 3 which shmrs the salt influx into the underlying aqui

fer as a function of time.. Curves are presented for a no 

drawdown and 10-foot drawdown case (assuming the hydraulic 

gradient acts in the same direction as the salt concentra

tion gradient). The horizontal portion of the two curves 

represents the steady state salt flux. 

The main things to notice from this figure are the 

large breakthrough time (800 years) for the "no drawdo-w-n" 

case (i.e., in the absence of any hydraulic gradients) 

and the fact that in this aquitard the salt flux 

caused by drag coupling under a hydraulic gradient is 

larger. The steady state salt flux from the drag coupling 

under a combined 10-foot drawdown and salt concentration 

gradient is almost three times that from diffusion alone 

(no drawdown). He_ngeJp. t.he event t.he hydraulic gre~siiJ~_nt; 

~ reversed, there. would~..J;u.:S~a]Q:d~ough ~-~9-!m:::. 

wa~>;>.fill_E_J.ux provl:de§_~g.§"_JJEK~X~.s!}-,!'_nt excee~~~
,?.-~t _ 

~2.~ In other words, under these conditlons--Ene-Ewo. salt 

~es would be mutally opposed and exactly counterbalanced. . . 
The relative· cont-ributions to steady state efflu.x in 

this example can be calculated with the aid of Equation 3. 

The following parameter values (taken from the study) were 

used in the calcula.t.ion: 

dh /dZ ::,.Ah /6L = · 10/30 •.oc 0.33 

die /d-z = (r_ - r_ )/C.L "" 0.57 x 10 - 0.62 x 10 moles/=
4 

. ~ ~ 914 

cs = Cc.s + c5 )/ 2 == (0.60 - 0.03)x10 = 0.32 x 10 r:ooles/c.-:f 

~ 1 

-5 
D = 10 cm2../sec 

107 . 0 

R = 8.32 X ergs/mole/ K 

T = 300 °K 

¥w = 103 dynes/cc 

-7 
kh = 10 em/sec 

-4-
kch = 6.2 x 10 cm5/mole/sec 

2 
' l 

Using these values the calculated contribut.l,·:n15 

steady state solute flux are respectively: 

to 



Drag Couplina: J51 =. [ ( ~<'w/RT) CS kc.l, + c
5 

kh] C1 h/a z 

3 -7 -3 -., 
= [10 (2x10 ) + 0.32x10 (10 ll 0.33 

[8.32xlO"( .3x1CJ3) J 
-II 

= 1.056 X 10 
<.. 

moles/sec/em 
, 

moles/sec/ft-

Chemieo-Osmotie Diffusion: 

e5 kc.hJ os,Joz 
-'1 -6 

+ 2x10 ] 0.62x10 

= 0 .. 63 X 
-II ~ 

10 moles/sec/em" 

= 0 .. 58 X 
-8 . L 

10 moles/see/ft 

The total salt flux is the sum of the contributions 
from d:z:a.g coupJ.ing and chemico-··osmotic diffusion or 

-~ = (0.98 + 0.58) xlO 

-B I I "-= 1.56 x 10 moles sec ft 

These calculations are in agreement with the results 
shown in Figure 3 for steady state salt inflow under com
bined gradients. Th~y also illustrate that the drag 
coupling contribution under a 10-foot dra\·Tdown ( 0. 33 
hydraulic gradient) exceeds the chemica-osmotic diffusion 
contribution. 

In the case of the clay aquitard beneath the landfill 
at Allen Park, the average hydraulic sgnductivtty is almost 
an order-of-magnitude lower (2.6 x 10- vs. 10- em/sec). 
This will tend to decrease the drag coupling.t On the other 
hand, this tendency will be more than offset by higher 
hydraulic gradients at this site. If the level of the 
leachate is kept at or close to the batt~.~ f the landfill, 
then the gradient will approach 80/30 or~ The drag 
coupling component of solute flux in this case will be 

3 _., -3 -8 
~ = [ 10 (2x10 ) + 0.32x10 (2.6x10 )] x 2.7 

I [ 8 • 3 2xlQ1 ( • 3X1 o-::3 ) ] 
-!<.. -II 

= [ 0.008xl0 + 0.832xl0 ] x 2.7 

-11 <-. = 2.25 x 10 moles/sec/em 

-B = 2.09 x 10 moles/sec/ft 



This flux is greater than 3X the chemica-osmotic flux; and since it acts in the onposite direction, there will be no net downward flux of solute at the Allen Park site. The critical hydraulic gradient to maintain a zero net salt efflux is 0.8. This means that the groundwater table could rise to within 12 feet of present ground elevation (-595 ft) in the landfill and there >vould still be a sufficient upward hydraulic gradient (drag coupling effect) 'coo completely counter solute efflux under chemica-osmotic diffusion (see summary below) • 

Position of Ground 
Hater Table in the 

Landfill 

At bottom 

12 feet from top 

At top 

Upward 
Hydraulic 
Gradient 

0.8 

0.33 

Net, Steady State 
Solute Efflux Rate 

(moles/sec/ft .... ) 
. -S -=1.51 xlO -

(net influx) 

/zero 
' -

These calculations are based on the existence of a static or piezometric head in the underlying aquifer approximately 9-10 feet above ground elevation (see Table ·1). · 

Assumption of worst case conditions, namely, a r:i.se .r in the groundwater table in the landfill to ground surface elevation, leads to a small, steady state efflux rate from chemica-osmotic diffusion. This occurs because the resulting hydraulic gradient ( 0.33) is no longer large enough to completely oppose-the chemica-osmotic salt flux. The breakthrough times, however, would be so immense (1000's of years) that the steady state flux under these conditions is largely irrelevant. 

It is important to note that the preceding calculations are also based on the following "worst case" assumptions: 
> l 

1. A highly saline leachate with a £oncentration and composition equal to that of sea water. 

2. No interaction between the solute and clay. 

In actual practice, there would be some uptake and adso:t:ption of solutes on the clay. This ~~tion wou~ attenuate or limit further solute concentrations in the leachate as it passed through ~clay. 
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III. EFFECT OF LEAC!IATE CONSTITUENTS ON THE PE&~EABILITY OF CLAY 

A. GENERAL BACKGROUND 

The possibility that leachate--either in the solvent or 
solute phase--might affect clay permeability a~d hence its 
containment integrity has been raised by a number of investiga
tors (Anderson and Brown, 1981; Haxo, 1981; and Folkes, ·1982). 
One of these studies has shown that concentrated organic liquids 
can increase clay permeability by several orders-of-magnitude 
(Anderson and Brown, 1981). 

All of these studies were conducted in the laboratpry 
with simulated leachates from particular types of wastes and 
under particular testing conditions. The danger of blindly 
applying these test results to a field situation have been 
noted recently by Gray and Stoll ( 1983). ·It is essential to 
ask the following before the results of these lab tests can 
be applied to a given field situation: 

1. What was the nature-of the leachate in the lab tests? 
What are the concentrations of various constituents 
in the leachate in the field as opposed to the.lab 
tests? How relevant are the lab test resul·ts in the 
light of potentially large differences in leachate 

• composition (lab vs. field)? 

2. How did the leachate contact or interact with the clay 
in the lab tests? lvas it forced through? If so, at 
vrhat gradient? _ Is .there any prospect that the leachat.e 
will be able to penetrate/permeate ·through the clay 
containment in the field in like manner? In other words 
are the necessary gradients and other conditions present 
to permit this to happen? 

3. What was the failure or clay degradation process by 
which the a parent ermeabilit increase occured in 
the lab tests? Was it by a dissqlution, b) syneresis, 
c) piping? Could these mechanisms. reasonably occur 
in the field given the type, wa·ter content, and density 
of the in-situ clay plus the nature and concentration 
of organic and inorganic compounds in the leachate? 

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE 

The types, composition, and relative amounts of wastes 
placed in the Type II Solid Waste Landfill at Allen Park are 
shmm in Tables 3 and 4. The results of typical E.P.T leachate 
tests on these was·tes are shmm in Table 5. The likely nature 
and composition of the landfill leachate can be estimated from this 
information. This estimate is adequate for purposes of evaluating 
the probable effect of the leachate on clay permeability. 
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TABLE 3. ALLEN PARK CLAY MINE - SOLID WASTE 
LANDFILL CONSTITUENTS 

Fly Ash 

Blast. Fu!'!!ace !"il·ter Ccl::e 

Construction D=b:!:':!.s - S'weepings - Clean-Up 

ElectricFtL~~ce Dust 

Co~ and Coke 

Coke OVen Dec~ter Tar Sludge 

Glass 
\ 

"Hood Ash 

EOF Kish 

Wastewater Treatment Sludge 

Grinding Mud 
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TABLE 5. /\LLEH P/\JU( CI./\Y NIW.~ SOLID 1'//\S'l'B:J 
~.'YPir:AT, E. P, 'J\ L!I/\CifNeE 'l'EST RES'ULTS (~11!/1) 

Iiltwl; FUl'l!D.t.:e BCW Flue Blo.u t Furwlc.:e Pountlry 130F 
PJ.rumcter Flue Duut fJLWL l<'i.Her Calw Sanrl KiGh 

/\rGenic o.oh 0.02 (, 0.1 0,03 0.1 

Barium (0.8 < 0.04 ( 0,8 (0,08 t. 0.8 

Cudmilun 0,01 0,03 .( 0.08 to.oo5 (0.005 

Cltromium L O.l I. 0. 05 I o .o:; ~ 0.1 ( 0.1 

Lctu.l .( 0,2 L ·r 1. '( (. 0.2 < 0,2 

1-lurcury 0, OOU( .( 0,01 < 0,2 (.0,2 £._0.2 

lic:lcnl.\Hn 1.0 < 0,01 I 0 •> ............ 0~ l 0 0,/1 

Silver 1.. O.l 1.. 0.01. .( 0.01 L 0.1 -< 0,1 

-~ ,.... 

.I 
.· 

Yltt s tc.,.m l.c r ..._ 
Coke Tn.a L''''·' n t 

Breeze [;] ud 1 ~c: 

.( 0,1 ,0(>(\ 

.( 0. 8 . lr5 

(0,005 ,005 

.(0.1 .101 

(0.2 .0:·~5 

.(0.2 . l)l)l)~ 

Lo.:; .\)()~~ 

L 0.1 1 ()l )(' J 

C:\HJ)p]J •. J H.v ,','ll'(, 

1-i·· I'C.:h I ' J" ) 



The data in Tables 3 and 4 indicate that SO per cent of the solid waste consists of relatively inert fly ash and that so:ne 89 per cent Of the W'astes consist of materials that do not contain significant amounts of heavy metals (Zn, Pb, Cd) or organics known or suspected to be toxic such phenol and naphthalene (see Table 4). The coke oven decanter tar sludge is a possible source of organics (phenol and napthalene), but this w-aste comprises only 0. 6 per cent of the total stream in the Type II Solid Haste landfilL 

C. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY PERNEABILITY AT ALLEN PARK SITE 

Anderson and Brown- ( 1981) found that several organic liquids, viz., aniline, acetone, ethylene glycol, heptane, and xylene, cause large increases in permeability of four compacted clay soils. Pure organic liquids were used in their study. One of the authors (Anderson, 1982) later emphasized that their results cannot be used to support claims that clay liners permeated by dilute organic liquids may be susceptible to large permeabi.lity increases·-

Haxo (1981) reported results of u-p to 52 months of liner exposure to selected- industrial wastes. He included several organic w-astes~ namely, ,aromatic oil, Oil pond 104, and a pesticide. The results of large permeameter tests on a co~pacted fine-grained soil and admixed materials are summarized in Table 6. Although a small amount of seepage passed through the compacted, fine-grained soil liner, no permeability increases were reported ·with any of the organic wastes. 

On the basis of these studies and wit.h the caveats noted at the beginning of this section in mind, it is possible to evaluate the likely effect of the landfill leachate on clay permeability at the Allen Park site. 

1. Type II Solid Waste Landfill 

As noted previously the existin~ lan?fill contains small quantities of coke oven decanter tar ~ludge which is a possible source of organics (phenol q,cnd 
naphthalene), but this waste comprises only 0.6 per cent of the total. Phenol and naphthalene are present in the tar component of this waste in concentrations estimated by Desha (1946) of 0.1 and 2.2 per cent by weight respectively. Accordingly, the amount of phenol and naphthalene present in the total w-aste stream are .006 and .013 per cent by veight respectively. These amounts constitute a very low fraction and they suggest that leachate from the total waste stream w-ill tend to have very low concentrations of phenol and napthalene. Therefore, the organics in the leachate from the Type II Solid >iaste landfill are quite unlikely to affect clay per~eability. 
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TABLE 6, EFFECTS OF INDUSTRIAL WASTES ON SOIL AND ADMIX LINERS 
(from Faxo, 1981) 

Liner 
material 

Compacted 
fine-grained soil 
305 mm thick 

Soil cement 
IOOmm thick 

Modified bentonite 
and sand (2 types) 
127 mm thick 

Hydraulic asphalt 
concrete 
64 nun thick 

Spray-on asphalt 
and fabric 
8 mm thick 

Acidic waste 
(HN03 , HF, HOAC) 

Not tested 

Not tested 

Not tested 

·Failed 

Not tested 

•From data presented by Ha.:'\o 0981), v~~ 
tSame ns (a). 
*Same as (b). 

Alkaline wnste 
(spent caustic) 

Lead 
(low lend gas 

washing) 

Measurable rate of seepage 
v, ~ !0" 10-!0"9 m/s, waste 

pcnetrnted 3-5 em after 30 months (a) 

Oily waste 

Aromatic oil Oil pond 104 

k= 1.8 x w-10 

k=2.4x w-to 
k=2.6X 10"10 

(tests on soii 
after 30 months) 

t 

No mensurable seepage after 30 months 

Measurable seepage after 30 months, channelling of waste 
into bentonite (b) 

Satisfactory 

Satisfactory 

Wnstc stains 
below liner 
nsphnlt mushy 

Waste stains 
below liner 

Not tested 

Not tested 

Failed 
(waste secpngc 
through liner) 

Not tested 

Not tested 

Pesticide 
(weed killer) 

t 

* 
Satisfactory 

Sntisfoctory 

< 
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2. Type I Hazardous Haste Landfill 

In the future the decanter tar sludge will be 
placed in a separate landfill that will be upgraded to 
accept hazardous wastes. This action will increase the 
relative proportion of organics (phenol and 
naphthalene) in the was-te strea:m. Leachate tests run 
on pure samples of decanter tar sludge using a . 
distilled water extraction procedure (Calspan, 1977) 
have produced phenol concentrations of approximately 
500 ppm. Even this concentration is far removed from 
the very high concentrations of organic solvents used 
by Anderson and Bro•m {1981) in their permeability 
tests on different clays. Accordingly, organics in the 
leachate f-rom the Type I Hazardous Waste landfill are· 
also unlikely to affect clay permeability. 

In summary: It does not appear likely nor reasonable that 
organics present in the wastes at. the Allen Park Clay Mine/IJand·~· 
fill will cause a permeability increase given their low concen
tration and the absence of any substantiation in the published 
technical literature for such··an increase under these conditions • 

• 
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IV. CONCLUSIONS 

(1). There appears to be very little likelihood of leachate 
migrating downw·ard from the Allen Park Clay Hine/Landfill and 
contaminating the aqui;oer be:cteath the clay. 

(2). A density difference between the leachate and groundwater 
will have little or no influence on hydraulic permeability 
or doimward migration nor will it lead to diffusion efflux of 
solutes. A thick, uniform bed of silty clay beneath the site 
coupled with an upivard hydraulic gradient precludes the latter. 
Calculations and analyses are provided herein to support this 
finding. 

(3). Comparison with results of salt water intrusion studies 
across clay aquitards having similar properties as the clay 
beneath the Allen Park Clay Hine site show that the solute (salt) 
will take at least 800 years to 1nigrate across a clay barrier 
30 feet thick under chemica-osmotic gradients alone. A counter 
(or upward) hydraulic gradient will increase this breakthrough 
time even more. 

(4). The waste and· its leachate are unlilmly to increase· the 
permeability of the underlying clay. This claim is reasonable 
in view of the lmv concentrations of organics in the total, 
waste stream and in the light of the findings and caveats of 
permeability/exposure tests with organic permeants reported 

. in the technical literature. This conclusion applies to both 
the existing Type II Solid Waste landfill and a prop.osed 
Type I Hazardous Naste l.andfill that will accept the coke oven 
decanter tar sludge. ' ., .f ~~ .. I~,;<; ? 

(11\o?t'IA.~.._u:_. f',, l"' 
------···-""---~ ------

(5). The_£9JUPQsition of the waste and underl~>g clqy do not 
suggestproperties or combination of properties that could lead 
to a containment failure caused by such processes as piping, 
acid/base dissolution, or syneresis. 

( 6) . Under these circumstances any observeq inc.r,else in con
taminant levels of monitor wells in the aquifer-underlying 
the site could just as well come from other sources laterally 
upgradient from the site rather than from the clay mine/land
fill above the site. 

(7). These findings and conclusions support the basis of 
applicant's petition for discontinuing further monitoring of 
the wells penetrating the aquifer beneath the site. 
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l:ir... });jr;.'"id. !?:o.i.l.lex 
Ford Hot-c:;,;:~ Cc.·e.p~~)f - Steel Di ;ri~ian 
l" .0. Eo~ l63!L 
Dea:rho'l:"!l:, Miehig.;m;. 4&121: 

October 11, 19Slr 

Thi:~~- letter· is to s~ize the Oetober 1,. 1984 meeting bald at'" ths. 
Detroit district office. between Jtr.n:-d, you>:" co~U~ulb.m.t, and """"'b«r>!! of 
this department. 

comPatibility t~a:sti~$ batwe.eU: the na:t:~:QC'a:l Cl.ti!;r lin~:;:~ ~J.w.:l tl'.i~~ g~J·~{t l~a~J:J:,:~::t.'$ 
is needed"' 'rhe d-e~rt:ment recommend$ t:h~ use of :L.~ach~ts- from Ha~ 
Disposal Ine. for this te,.ting l:linee it would. subs!:a.ntially reduce or 
eliminate the need for further testing of this type in the event that 
you se"'k appr-oval; to ta.~e ad<,!ition:al >rasts typea in the future. It· 
was agre-ed that this testing will utilize a fle;:ible- v-.rtll paxa~taro§ 
The leachal:"' ...,..;;. t>e tested to determine whether it ccmtairu~ the concen
trations of. chemL::al<> in the leaehate found now at your· site plu<l those 
anticipatc~d in th15t fut-u:ra·~ I£ it doesn't r the Way~e Dispo8:~l.- li~::-~!::bate 
u:Sed for the test:" '<>1il1 have t:o b~ modified by adding the necessary 
additional ~,.~ The impact of the Wayne Disposal leachate, modified 
as neces-sary,_ will be CO!!l!_»>lred to similar test:i.ng using water<! 

Your consultant hall. provided l:heoretic.al calculations which indicate 
that it is ~il>la for contaminants to pollute. the artet<ian aquifer .. 
which u:ndarlieS> t:h.e site. 'These calculationlli h'>ve aa:,m""d an 'l<pward 
gradient ::hr::>ughom: the·site's clay unit. It was agr•"''d that. this 
asat1lllption. will be examined by the use of site specific data. Three 
piezometer nesrs. each containing a minl.m:mt of three piezom.etus, will 
be installed within th:U .. unit. to measure the distribution of th<a ·~~s<st~:~J;3it~lf~~~ hea<l frOlll the artesian aquifer. A flow nat will then be constructed 
from this data which will substantiate or refute this assumption. Shotild ., · 
this asSUlllption be shown to be correct• ground,.ater monitoring will 
be focused on the shallow, surficial sand aquifer. 

.,-- ;-





Dc~ober 11, 1934 
P;tz.e 2 

Tha: ah~lloJJ, surficial s~ud aqui£-ar .o.pparently only e::~;ists along the 
eastern end of t~e ha$ardoU$ ~a~te cells. It ~as agreed tha~ monitoring 
of this aquifer is nead~d. However, u~ to the potential problem of 
possible r;,ch.arge of the unit by th"' exte:cn,al drai:uge ditch, inst:all.,tion 
of ~ vertical detection system (sand or gravel sandwiched between clay 
~mlls) "'"' dhct.Uilse<l. ·.A well co;n then 0., placed within tba: aandwiche<l 
pe~eable material for perfo~uc0 ~onitoring. Because va3tes are 
presently near the sand unit, the depar~nt requests that thi3 systea 
be const>:ucted aotm, eo as to d-evelop 1>aekground data. You should contaet_ ·_ 
ttl!! in the ne;a~ f1.1tu>:e so th.at: t.,. c.an reach ~<>reement on appropriat.,; 
design conceptlh Once agrea:ment is read:e<l, you "':mld be expeeted tc> 
prepare detaile<l engineering plan$ fOi< our review a:>d ap;;>ro~>al~ 

'rhere """ discuui<~>"< of_ wether a ;alii v~!:U.g: $Y"tem '>rill b<it_ nse<led 
upou- plae-nt of the firutl· eo'1'1!!1: •.. I:t was agreed that a syst""" 'illould 
not ~ re<juircd at thia tiP>.e. However, if siguific>;.nt: g<::<> ge;ne.ratioo 
is ever =ted or- if a change: in the tY!"'il of ?rli!<t• received ever auggut,. 
gas gom..rati<m would be likely to e=ur, a ventint; sy~~ot""" will be required, 

lleeta\Ulet-cf tn.- n~ea ~or- ~ :~ satisfy RCRA Par~ l> reqgh-<!!1ttents in aadidm> 
to MDNlt requirements, it Wll$ agre~ th<11l: t.-e weuld :nee!: with you ae yotu: · 
r¢quest in- th<!o· Mat: futu:m- -d disc:uss your propoub. 

t~ 

eel J. Bohunsky/C & E File 
Ok-..._tt~U~l:ma/ Auh<tehon 
A. &:ward t JJ.'>ID 
.J. Amb;er • Ford - SZ"...COS 
C. Riley • JJ.'))) 

Terrance J. Mci!liel• Geologist 
~echnical Services Section 
:Hazardous Haste Divi:~ion 
517-373-2730 

'.·. 





Ms. Jan Look 
People's Action League, Inc. 
P.O. Box 37 
Eagle, MI 48822 

1704 Morton Street 
Ann Arbor, Michigan 
48104 

4 Octoberl983 

RE:. Granger Landfill, Clay Slurry Wa.lls 

Dear Hs. Look: 

I have investigated further the problem of leachate 
leakage across clay slurrY cut-off walls. My analyses show· 
that the clay wall design proposed for U1e Granger landfiLL 
will not adequately impede the diffusion of leachate solutes. 
According to my calculationsr breakthrough times for non-reac
tive solutes will be ten years.or. less, even in the presence 
of counter hydraulic gradients as high as unity. 

'l'he analyses were carried out using a computer program 
(*CLAYWALL*) that can be used to calculate solute transport 
across a clay barrier under combined diffusion and advection 
(hydraulic flow). The program computes the exit/source concen-
tration ratio (C/Co) as a function of the wall or barrier 
thickness (X) and elapsed time (t). The following values for 
input data were used in the analyses: 

Diffusion Coefficient = 0.102 ft 2/yr (based on measured 
values for sand-bentonite mixes) 

Permeability = 0.1 ft/yr 

Wall Thickness = 3 ft 

Porosity - 25 % 

Hydraulic Gradient = -0.02, -0.05, -0.2, -1.0 

With the exception of the diffusion coefficent, these are the 
same values used in the diffusion analysis in the D'Appolonia 
report (Clay slurry Cut Off lilall, Appendix D). The value of 
the diffusion c~efficient used in my analysis is based on actual, 
measured values as opposed to assumed values used in the D'Appo
lonia report. 

1Gillham,R.W. and Cherry,J.A. {1982). "Predictability of 
Solute Transport in Diffusion-Controlled Hydrogeologic Regimes, 
Proceedings, Symposium on Low Level lvaste Disposait :.P(>kl:idg~ JJatl. 
Laboratory, NuReg/CP-0028, Conf-820911, Vol 3, pp.379..:410 

0 .,,. 1' wo< \._; ~ IJ: \,JU.J 



Ms. Jan Look 2 

The results of my analyses are shown in the attached graph. 
Breakthrough times (th) are indicated on the graph and are also 
summarized in the table below. Breakthrough time is defined as 
the time required for the exit concentration to reach a particular 
fraction or percent (say 1 %) of the source concentration. 

Hydraulic Breakthrough Time, tb - yrs 
Gradient 

C/Co = .001 C/Co = 0.1 

------------ ----------- ----------
-0.02 4.4 6.5 

-0.05 4.5 7.1 

-0.2 5.3 10.0 

-1.0 10.0 

These results indicate that leachate solutes will emerge on 
the other side of the clay slurry wal1 in a relatively short 
time (~ 10 yrs) inspite of a counter hydraulic gradient! 

Admittedly, these analyses are worst case scenarios insofar 
as solute reactivity is concerned. Partioning or adsorption 
of. solutes on the wall solids would retard diffusion flux and 
increase breakthrough times. On the other hand, failure to 
maintain a counter hydraulic flow into the landfill (e.g., as 
a result of plugging or failure in the interior leachate collec
tion lines) would shorten breakthrough times. 

The effectiveness of the clay \valls as adequate diffusion 
barriers has ~ been demonstrated to date. No satisfactory 
data nor analyses have been presented (by Granger or his consul
tants) to show that there will be sufficient retardation of 
solutes in the clay walls to limit or impede diffusion to 
acceptable levels. 

cc D. Montgomery, NDNR 
P. Steketee 

Sincerely, 

~~~~ 
Professor of Civil Engineering 
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run 
Porosity: 0.25 
Permeability(ft/yr): 0.1 
Diffusion Coef(ft /yr): 0.102 
\vall Thickness: 3 
Hydraulic Gradient: -0.02 
Time (yrs): 3 

1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio. 

Continue Calculations (y/n) ? y 

Time(yrs): 5 

1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

Continue Calculations (y/n) ? y 

Time(yrs}: 10 

1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument ( Y2 )is : 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2. 73.332 
0.<);9974 
2.689>9;~ 

0.<);9959 
(C/Co)is: 

2.12843 
0.99593 
2.07241 
0.995Hi 

(C/Co)is: 

1.52483 
0.96914 
1.44562 
0.95942: 

{C/Co)is: 

-~------------------------~-------------------------
---

Continue Calculations (y/n) ? y 

Time(yrs): 20 

1st Argument(Y1)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratic 

Continue Calculations (y/n) ? y 

Time(yrs): 50 

1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

1.10622 
0.88255 
0.9942 
0.84025 

(C/Co)is: 

0.75277 
0.71247 
0.57565 
0.58427 

(C/Co)is: 

/ 

-------------------------------------------------------
Continue Calculations (y/n) ? n 

0.03147' 

0.12185 

0.30805 
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Mr. Mark Young 

CtA}/ ;n,;-v,r / t.AI'IIh r/"-'-

1704 Morton Street 
Ann Arbor, Michigan 
48104 

25 September 1983 

Wayne Disposal.Company 
P.O. Box 5187 

Dearborn, MI 48128 

RE: Allen Park Clay Mi~e/Landfill 

Dear Marlo 

I rec.ently wrote a computer program {*CLAYWALL*) that can be 
used to calculate solute transport across a clay barrier under 
combined diffusion and advection (hydraulic flow). The pro
gram computes the exit/source conce!ltration ratio (C/Co) as a 
function of elapsed tim~ (t) on the downstream side of a clay 

wall or barrier of thickness (X). 

The program was writ·ten with a clay slurry cut-off wall in mind, 
but is general enough ~hat it can be used with any clay layer 
or barrier. The input parameters to the program are; 

De 
K 
X 

p 
I 

t = 

= efffective diffusion coefficient, 
= hydraulic permeability, ft/yr 
= thickness of wall or barrier, ft = porosity 

a, 
ft /yr 

=hydraulic gradient ••• (+) if same direction, 
(-) if opposite direction to solute concen
tration gradient 
elapsed time, yrs 

The program is based on the solution to the equation that des~ 
cribes one-dimensional solute transport in a saturated porous 
medium under both hydraulic and solute concentration gradi.ent.s. 
This equation has .the following form: 

. 

'r··. 

} 

' ' 

C/co'= 0,5[erfc((X-vt)/sqr(4~)) + exp(vX/D} erfc ( (X+vt)/sqr( 4qK))] .. ,, 
where: v = ave seepage velocity = (KI/P) 

The solution assumes the following conditions: 

1. Saturated, one-dimensional flow. 

2. No reaction between solutes and porous medium. Chloride 
typically behaves this way, 

.:f_ 

;-. 
' 

'i' ; 



r · 1 · 

3. Diffusion controlled, i.e., the pore water velocity is 
so low that mechanical mixing is negligible and the dis
persion is' equal to the effective diffusion coeffficient. 
{this condition is satisfied when K( 1.0E-07. 

I ran the program using data for the ~ilty clay layer underlying 
the Allen Park ClayMine/Landfill. The following values for the input data were used: 

D = 0.102 ft'"/yr {6.3E-05 cmoz./sec) 
(published value for clay tills) 

· K = 0.025 ft/yr {2.5E-08 crn(sec) 
X = 30 ft 
p = 30% 
I = -0.1,-0.3, and -1.0 

The results of the analysis are shown in the attached graph. 

. -~ 

At a counter hydraulic gradient of -0.3 the exit/source solute 
concentration ratio does not exceed 0.0001 until 700'years 
have elapsed •. You may recall that a counter hydraulic gradient 

.. l. of -0.3 occurs when the leachate i~ allowed to rise.in the land-. fill to the ground surfa.:;:e ••• a worst case scenario. For larger • ; (negative) counter hydraulic gradients the ratios become even 
smaller. In fact for I< -0.5 (i.e., counter hydraUlic gradients' larger than 0. 5) ·the ratio C/Co is less than l. OE-'05 at all 
elapsed times. 

These results confirm the findings of my earlier report which 
were based largely on analogy to solute transport studies in 
clay aquitards. The present findings. are based on analysis 
of actual soil and site parameters. Keep in mind, also, that 
the analysis is still quite conservative because it neglects 
possible adsorption (reaction) of solutes with the clay. 

A copy of the computer program and typical output are enclosed. It is written in BASIC and is designed to be run on a personal •, 
computer. If you have any questions about the analysis, please i feel free to contact me. . '· 

Sincerely, 

~~!-~ 
Professor of Civil Engineering 

Encl. 

. : k \~.:: 1 . 
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run 
. Porosity: 0.3 
Permeability(ft/yr): .025 
Diffusion· Coef(ft /yr): 0.102 
Wall Thickness: 30 
Hydraulic Gradient: -0.3 
Time(yrs): 500 
------------------------------------------------------
lst. Argurnent(Yl)is: 
1st Error FUnction is: 

.2nd Argument{Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

' 2.9756 
: 0.9999 

1.22525 
0.9173 

(C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n) ? y 

Time(yrs): 750 
------------------------------------------------------
1st Argument(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio 

2.78685 
0.99979 
0.64312 
0.63558 

(C/Co)is: · · 

-------------------------------------------------------Continue Ca.lculations (y/n) ? y 

Time(yrs): 1000 
------------------------------------------------------· 
1st Argurnent(Yl)is:. 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio· 

2. 72291 
0.99973 
0.24754 
0.27399 

(C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n) ? y 

Time(yrs): 2000 

1st Argument(Y1)is: 
1st E~ror Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio. 

2.80056 
. 0.9998. 
-0.70014 
0 

(C/Co)is: 

-------------------------------------------------------Continue Calculations (y/n).? y 

.. 
Tirne(yrs): 5000 
------------------------------------------------------
1st Arg~~ent(Yl)is: 
1st Error Function is: 
2nd Argument(Y2)is: 
2nd Error Function is: 
Exit/Source Concentration Ratio. 

3.43176 
0.99998 
-2.10334 
0 ' 

(C/Co)is: 

-------------------------------------------------------
Continue Calculations (y/n) 7 n 

8E-05 

2.2E-04 

3.7E-04 

'' -. 

3.3E-v-> 
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SUMMARY 

The possibility of leachate migration downward from the 
Allen Park Clay Mine/Landfill and contamination of.an aquifer 
beneath were evaluated. · 

· Analyses show that density differences between the leach
ate and groundwater will not cause a downward migration nor 
will they lead to a diffusion efflux from the site. A thick, 
uniform layer of silty clay beneath the site coupled with an 
upward, hydraulic gradient effectively precludes the l.atter. 

Comparison with results of salt water intrusion studies 
across clay aquitards having similar ·properties as the clay 
beneath the Allen Park site show that the solute (salt) will 
take at least 800 years to"migrate across a clay barrier 30 feet 
thick under chemica-osmotic diffusion alone. A counter (or 
upward) hydraulic gradient will lengthen this breakthrough 
time even further. 

There are insufficie~t amounts of organic compounds in 
the waste to affect the permeability of the clay. The proba
bility of accelerated leachate migration through the underly
ing clay is not supportea by the composition of the \vastes 
and the nature of the clay nor by the findings of leachate 
permeability studies reported in the technical literature. 

Under these circumstances any observed increases in 
contaminant levels of monitor wells in the aquifer underlying 
the site could more reasonably come from sources laterally 
upgradient from the site rather than the clay mine/iandfill 
above the site. · • 
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CON'l'AINHENT INTEGJUTY OF ALLEN PARK CLAY HINE/LANDFILL 

I. IN'fRODUCTION 

The Ford Hotor Company who operate the Allen Park Clay 
Mine/Landfill have recently petitioned to discontinue ground 
water monitoring of an aquifer located approximately 70 feet 
below existing grade at the site. The landfill is underlain 
by dense, lacustrine clay which behaves as an aquiclude or 
aquitard. At least 25 feet or more o.f residual clay 
thickness separates the bottom of the landfill from the 
underlying aquifer. The aquifer is under artesian pressure 
and exerts an upward hydrostatic pressure on the base of the 
clay aquitard equivalent to 80 feet of head. A general cross 
section or profile illustating these soil and hydrologic 
conditions at the site is shown in Figure 1. 

Applicant maintains in his petition for discontinuance 
(EPA I. D. No. ~IT 980568711) that monitoring is riot necessary 
at the site because of a) the dense, uniform clay underlying 
the site which has a hydra~lic permeability no greater than 
6 x 10-8 cm/sec and b) the artesian pressure in the underlying 
aquifer which results in an upward hydraulic gradient across 
the overlying clay a qui tard. Applicant claims that these • 
site conditions will preclude the possibility of leachate 
migrating downwards out of' the landfill and eventually conta
minating the aquifer. 

In response to this·petition, the Wayne County Department 
of Public Health has raised several questions and concerns · 
(letter form R.N. Ratz, Public Health Engineer, to B. Trethewey, 
Mining Properties Department, Ford Motor Company, 28 April 1983). 
The following concerns were raised in the letter: 

1. The petition/report fails to address the possibility 
of leachate migrating down due to differences in 
densities of the leachate and groundwater. 

2. The petition/report does not indicate if there are 
any organic constituents in the leachate that may 
increase the clay's permeability and permit downward 
movement. 

The purpose of the present report is to respond to the 
above stated concerns. Additional information about the geo
hydrology of the site, about past containment/migration studies, 
and about the likely nature of the leachate and its effect on 
·clay permeability are evaluated herein to determine the danger 
of.landfill leachate migrating downwards from the site and 
reaching the underlying aquifer. 
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I I. TilE INFLUENCE OF PEl\:·!EANT DENSITY ON LEACHATE MIGRATION 
ACROSS CLAY BARRIERS 

A. GENERAL 

Permeant density plays a direct and indirect role in flow 
phenomena in porous media. Permeant density can affect solvent 
or solution flow rates via its influence on hydraulic conducti
vity. This influence can be calculated and shown to be minor or. 
insignificant compared to the more likely and important influence 
of permeant density on solute diffusion. · 

A newly introduced permeant with a high concentration of 
dissolved material (e.g., a leachate) will also have a higher 
density. This high concentration in turn will cause the solute 
to diffuse through a porous medium to regions of lower concentra
tion. It is this manifestation or aspect of a density increase 
in the. permeant that requires careful scrutiny and analysis, In 
other words, the role and influence of permeant density are 
more important to solute diffusion under concent"ration gradients 
as opposed to solvent (or solution) convection under hydraulic 
gradients. · 

The analyses that follow are offered in support of these 
claims. 

B. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PERMEABILITY 

Both the viscosity -and unit >veight of a permeant can influence 
the permeability of a soil to a particular permeant. The hydraulic 
conductivity is defined in this case as a flow velocity under 
a unit hydraulic gradient (the usual practice in civil engineering}. 
The influence of permeant density and viscosity can be ascertained 
explicitly by defining another permeability, i.e., the 11 intrinsic" 
or "absolute" permeability · 

where: lc 
K 
(f 

)l 

= 
= 
= 
= 

.. 

hydraulic conductivity, em/sec 
intrinsic or absolute permeability,.cm~ 
permeant density or unit weight, dynes/cm3 
permeant viscosity, poise 

( 1) 

The intrinsic permeability(K) is a property only of the 
solids or matrix through which the permeant passes. Accordingly, 
for a particular soil (i.e., given grain size distribution and 
soil structure) and in the absence of permeant-soil reactions, 
K should be a constant. The influence of a variation in visco
sity and density of the permeant on the hydraulic conductivity 
can be determined from this fact and from a relationship derived 
from Equation 1, viz., 



Hhere: subscript 1 - initial conditions (grnd Hater) 
subscript 2 - final conditions (leachate) 

( 2 ) 

An increase in density of the permeant Hill apparently 
cause a higher permeability. But, this same increase in 
density can also result in an increase in viscosity Hhich 
Hill reduce the permeability. Both influences together Hill 
tend to offset one another, and it is unlikely that a density 
increase in the permeant (leachate) Hill significahtly affect 
hydraulic conductivity. Furthermore, even if viscous. 
retardation is discounted, density increases are highly 
unlikely to significantly increase permeability in actual 
practice as the folloHing example Hill show. 

Assume the ground above an aquitard or clay barrier is 
flooded with a fairly concentrated brine solution, namely 
sea Hater. The density of sea water (with a TDS of 36,000 ppm) 
is 1.036 gm/cc at 4° C vs. the density of the present intersti
tial. water (with an average TDS of 1550 ppm) which is 1.002 
gm/cc. 'l'his leads to a density ratio of 1. 034 which is equiva
lent to only a 3.4 per cent increase in hydraulic conductivity 

· (discounting viscous retardation). Therefore, density has · 
little effect on hydr~ulic conductivity despite the almost.20 
fold increase in dissolved solids concentration. It is the 
influence of the latter change, i.e., the increase in dissolved 
solids concentration, that requires careful analysis in evaluat
ing the effectiveness of a clay barrier in containing leachate 
migration in this case. · 

C. INFLUENCE OF. PERMEANT DENSITY INCREASE ON SOLUTE DIFFUSION 

1. Background 

Dissolved solids or solutes in a permeant can be trans
ported through soils under both hydraulic and concentration 
gradients. The former is referred to as "drag coupling" and 
the latter as "chemica-osmotic diffusion." Both types of 
movement should be considered when evaluating the effective
ness of a clay barrier for preventing leachate migration. 

Chemica-osmotic effects in fine grained soils have 
been examined in some detail by Olsen (1969) and Mitchell 
et al.(l973). The importance of chemica-osmotic diffusion 
increases in fine grained soils wilth low hydraulic conducti
vities. Studies commissioned by the State of California(1971) 
on salt intrusion problems in aquifer-aquitard systems have 
shmvn that as aquitards become clay rich and their permeabi
lities fall to levels on the order of .002 gpd/ft?.. or 10-'1' 
ern/sec, the migration of solutes will be controlled by chemica· 
osmotic diffusion. 



7 f 1011 of Solute under Combined 'iydr. and Chern. Gradients 

Equations can be derived which describe the flO\vS 
of solute and solution in the pores of a sediment. The 
derivation of these equations and assumptions on which 
they are based are given by Mitchell£!. .9_l. (1973). The 
one-dimensional, vertical, steady state flux of solute 
across a clay aquitard under a combined salt concentra
tion(chemical) gradient and hydraulic gradient is given 
by the following relationship: 

where: Js = salt flux across an aquitard, moles/sec/em~ 
ah/oz = hydraulic gradient (dimensionless) 

oq;/az = solute concentration gradient, moles/cm4 
D = diffusion constant, cm~/sec . 
R = gas constant, ergs/mole/°K 
li'w = density of water, dynes/cc 
T = absolute temperature, °K 

cs = average salt concentration, moles/cc 
kt, = hydraulic conductivity, em/sec· 

kch = chemico-qsmotic coupling coefficient, 
cm5/mole/sec 

Relative contributions to the salt or solute flux 
can be calculated from Equation 3. Movement of solute 
can occur by diffusion whether a hydraulic gradient is 
present or not, A superposed hydraulic gradient may re
tard or accelerate movement of solute depending on: 

a) Relative magnitude and direction of the hydraulic 
and solute concentration gradients. 

b) Values of the hydraulic conductivity and chemica
osmotic coupling coefficient. 

( 3-) 

Equation 3 only yields the steady state flux of solute 
under combined hydraulic and chemical gradients. Equations 
can also be derived that give the initial'or time dependent 
solute fluxes and the time required for "breakthrough" or 
first appearance of increased solute concentration on the 
downstream side of the aquitard. This initial, non-steady 
state process is quite complicated. Examples have been 
worlced out for aquitards of different thicknesses and compo
sition by Mitchell£!. al. (1973). 

One of the most important findings of these studies 
on salt flux across clay aquitards was the importance of 
aquitard thickness on breakthrough time. Because the ini
tial movement is non-steady, the breakthrough time increases 
with the square of the thickness of the aquitard. Theore
tical studies of salt water intrusion across aquitards 
(State of California, 1971) have shown that salt ions will 



taJ.:c~ up to 800 years to migrate across an aquitard 30 feet 
thicl-:: under chc~mico-osmotic diffusion alone. If the thicl<
ness is reduced to 10 feet, the breakthrough time decreases 
to only 80 years. The presence of an hydraulic gradient 
could either accelerate or retard this time depending on 
the relative magnitude and direction of this gradient and 
other factors cited previously (see Figure 3). 

3. Likelihood of Solute Efflux Through Clay at Allen Park Site 

Solutes will tend to migrate or diffuse downward from 
the landfill along a concentration gradient. On the other 
hand, this movement can be impeded or even arrested by 
the up1fard hydraulic gradient as a result of artesian 
pressure in the underlying aquifer. Static 1fater levels 
in monitor wells around the landfill sho\f that the piezo
metric surface is almost 10 feet above existing grade or 
ground surface elevation at the site (see Table 1). The 
net, steady state flux of solute, if any, can be deter
mined under these conditions from the solute flow equation 
cited previously (Equation 3). 

It is also pertinent to examine the results of a 
similar type of study commissioned by the State of 
California ( 1971·). The latter study was designed to 
determine salt efflux rates and breakthrough times in'an 
aquitard-aquifer system in the coastal ground water · 
basin near Oxna·rd, California (see Figure 2). The. 
problem posed in the California study was basically the 
same as the pre-sent one; namely, given a sudden 
increase in dissolved solids or solute concentration 
atop a clay barrier (or aquitard) how long before the 
salt migrated down\fard and reached an underlying aquifer 
and at 1fhat rates of efflux? The problem was compounded 
in the California example as a result of drawdown of the 
piezometric surface in the underlying aquifer whi.ch also 
caused a downward hydraulic gradient. 

The two aquitards are quite simiiar f'n their 
important respects. Both are approximately the same 
thickness, have the same initial dissolved solids concen
tration, and are composed of clayey sediments with low 
hydraulic conductivities. The salient charateristics 
and parameters of these two aquitards are summarized 
and compared in Table 2. The main difference appears 
to be in their respective hydraulic conductivities--
the Allen Park clay is an order-of-magnitude lower. 

A dissolved solids concentration equal to that of 
sea \fater was assumed in the leachate overlying the Allen 
Park clay. Sea water is a good "~forst case" choice because 
sodium ions have high diffusion mobilities and are not 
preferentially adsorbed on clay exchange sites as heavy 
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I TABLE l. ALLnJ PARK CLAY i·HNE 

MONITOR WELL - WATER LEVEL READINGS 

vlell Elevation(l) 
Ground \·later(Z) 

vi ell Ground Elevation 
Nu::1ber E1evationJ!.:_ USGS 11-4-81 6 

2 595.1 600.76 600.67 ?.b 

5 595.7 605.92 605.09 0,.4-

7 594.1 597.35 59i.Ol - 3 . \ 

10 593.4 603.03 601 . 81 8.4-

~1-101 593.9 601.47 601.21 YJ.3 

h1-l0?. 591.3 600.81 603.22( 4) 1 t. c\ 

\.J-1 03 593.9 605.06 603.52 C\.f, 

1-1-104 594.1 603.82 G03.8l '""·"' 
. 1-1-105 594.5 604.08 603.86 "' " ' ' 

(l) Hell Elevation is recorded as top of standpipe. D."" .., 2 .<:\ 

( 2 l 011 tJ R:;co1·ded by Michigan Testing Engineers, Inc. 

(3} D.1ta obtained from t1ichigan Depat·tnH~!}t of Natural Resources. 

(4} Hell extended tcn~orar11y to obtain water l~vel. 

Ground Hater( 3) 
Elevation 
5-29-81 

600.44 

604.52 

593.23 

601.93 

I l \ 

G:-Jund ',!Jter\ -; 
Elevat~on 
3-26-Sl 

600.21 

60~~ .. 1:? 

594. ! ,; 

601 . 56 

TABLE l 



TABLE 2. COMPARISON OF AQUI'rARD PROPERTIES AND SITE PARAMETERS 

AQUITARD PROPER'Y¥ 
OR SITE PARAMETER 

composition 

Thickness, ft 

Ave. \'later Content, % 

Ave. Liquid Limit, % 

Ave. Hydraulic Conduct, ·em/sec 

Hydraulic Gradient 

Initial (interstitial) 
Pore Water Solute Cone, ppm 

Final Solute Cone, ppm 

Chemico-Osmotic Coupling 
coefficient, cm5 /mole/s~c 

OXNARD 
CALIFORNIA 

clayey silt & 
silty clays 

30 

24 

31 
-7 

1 X 10 

0.33 - 1.0 
(downward) 

1800 

36,000 

-4 
6.2 X 10 

ALLEN PARK 
MICHIGAN 

silty clay 

25 - 35 

20 

28 
-8 

2,6 X 10 

2.7 
(upward), 

1550 

36,000 
(assumed) 

-4-
6.2 X 10 
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t1'JSM AOUITARO 

Figure 2. Generalized cross-section of multiple aquifer in a 
coastal basin. Salt flux across aquitnrd can occur as 
result of either salt water intrusion into aquifer (1,2) 
or ~alt water entering directly above aquitard in shallow 
coastal waters or marinas (3,4), or from salt contamina
tion in near surface, peicl1ed aquifer (5). 

w 
tr 
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NoCI CONCENTRATION =0.6 NORMAL 
IN THE OXNARD AQUIFER 
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DRAWDOWN = 10FT. 
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Figure 3. Solute efflux across aquitard into underlying aquifer as 
a result of salt water intrusion in overlying aquifer. 
Aqui tard is 30 feet thicl' and has a hydraulic conducti
vity of 10- 7 em/sec. Pumping from lower (Mugu) aquifer 
superposes a 0,33 downward gradient on system. 



1nr,Lll ions would tend to be. The same cll<Cmico-osmotic 
coupling coefficient used in the California aquitard was 
also assumed applicable for the Allen Park clay. The value 
used is reasonable for the type of clay sediments present. 

Results of the California study are presented in Fig
ure 3 which shows the salt influx into the underlying aqui
fer as a function of time. Curves are presented for a no 
drawdown and 10-foot drawdown case (assuming the hydraulic 
gradient acts in the ~ direction as the salt concentra
tion gradient). The horizontal portion of the two curves 
represents the steady state salt flux. 

The main things to notice from this figure are the 
large breakthrough time (BOO years) for the "no drawdown" 
case (i.e., in the absence of any hydraulic gradients) 
and the fact that in this aquitard the salt flux 
caused by drag coupling under a hydraulic gradient is 
larger. The steady state salt flux from the drag coupling 
under a combined 10-foot drawdown and salt concentration 
gradient is almost three times that from diffusion alone . 
(no drawdown) •. Hence, in the event the hydraulic gradient 
was reversed, there wquld be no breakthrough and no down
>vard salt flux provided the upward gradient exceeded about 
0.2. In other words, under these conditions the two salt 
fluxes would be mutally opposed and exactly counterbalanced. . . 

The relative contributions to steady state efflux in 
this example can be calculated with the aid of Equation 3. 
The following parameter values (taken from the study) >vere 
used in the calculat.ion: 

ah /;}z :=t>Ah /AL = 10/30 = 0.33 

;,)c /<rz ""'~> (q; - Cs )/AL = 0.57 x 10 = 0.62 x 10 moles/cm4 
~ 1 914 

(c5 + c5 )/ 2 = (0.60- 0.03)x10 = 0.32 x 10 moles/crrf 
l. 1 2 

D = 10-5 cma./sec 

7 0 R = 8.32 x 10 ergs/mole/ K 

T = 300 °K 

l(.., = 103 dynes/cc 
-7 

kh = 10 em/sec 

l<c.h = 6. 2 x 10- + cm5 /mole/ sec 

Using these values the calculated contributions to 
steady state solute flux are respectively: 



Dr;oq Coupling: J
51 = [ ( i!w/RT) S kc.l-t + c

5 
k 11 ] o h/a z 

3 -7 -3 -7 = [10 (2xl0 ) + 0.32xl0 (10 )] 
[8.32xlO"( .3xHr3) ] 

0.33 

-II ~ 
= 1. 056 x 10 moles/sec/em 

-8 ~ = 0.98 x 10 moles/sec/ft 

Chemica-Osmotic Diffusion: 

c5 l<c.h] o s,/oz 
-'l -6 

+ 2xl0 ] 0.62xl0 
-II ~ 

= 0.63 x 10 moles/sec/em 

-ll "" = 0.58 x 10 moles/sec/ft 

The total salt flux is the sum of the contributions 
from drag coupling and chemica-osmotic diffusion or 

J..s 
I 

-e. = (0.98 + 0.58) xlO 

= 1.56 x 10-B moles/sec/ft~ 

These calcul-ations are in agreement with the results 
shown in Figure 3 for steady state salt inflow under com
bined gradients. Th~y also illustrate that the drag 
coupling contribution under a 10-foot drawdown (0.33 
hydraulic gradient) exceeds the chemica-osmotic diffusion 
contribution. 

In the case of the clay aquitard beneath the la.ndfill 
at Allen Park, the average hydraulic sgnductivtty is almost 
an order-of-magnitude lower (2.6 x 10- vs. 10- em/sec). 
This will tend to decrease the drag coupling. On the other 
hand, this tendency ,;ill be more than offset by higher 
hydraulic gradients at this site. If the level of the 
leachate is kept at or close to the bottom of the landfill, 
then the gradient will approach 80/30 or 2.7. The drag 
co~pling component of solute flux in this case will be 

3 -'l -3 -6 
~ = [ 10 (2xl0 ) + 0.32xl0 (2.6xl0 )] x 2.7 

I [ 8 • 3 2Xl 01 ( • 3Xl o·J ) ] 
-I?.. -II 

= [ 0.008xl0 + 0.832xl0 ] X 2.7 
-1 I 

moles/sec/em z.. = 2.25 X 10 

= 2.09 X 
-B 

10 mo1esL:seci:ft 
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'rl1is flux is greater tJ1an 3X tho che1nico-osmotic flux; 
and SH1ce it acts in the oooosi te direction, there will 
be no net downward flux of solute at the Allen Park site. 
The critical hydraulic gradient to maintain a zero net salt 
efflux is 0.8. This means that the groundwater table could 
rise to 1-rithin 12 feet of present ground elevation (-595 ft) 
in the landfill and there would still be a sufficient upward 

hydraulic gradient (drag coupling effect) to completely 
counter solute efflux under chemica-osmotic diffusion (see 
surrunary below). 

Position of Ground 
Water Table in the 

Landfill 

At bottom 

12 feet from top 

At top 

Upward 
Hydraulic 
Gradient 

2.7 

0.8 

0.33 

Net~ Steady State 
Solute Efflux Rate 

(moles/sec/ft.._) 

-e. 
-1.51 X 10 

(net influx) 

zero 
-e. 

,!-0.32 X 10 

ThGse calculations are based on the existence of a static 
or piezometric head in the underlying aquifer approximately 
9-10 feet above ground elevation (see Table 1). 

Assumption of worst case conditioni, namely, a rise 
in the groundwa·ter table in the landfill to ground surface 
elevation, leads to a small, steady state effltL'< rate from 
chemica-osmotic diffusion. This occurs because the 
resulting hydraulic gradient ( 0. 33) is 110 longer large 
enough to completely oppose the chemica-osmotic salt flux. 
The breakthrough times, however, would be so immense 
{1000's of years) that the steady state flux under these 

·conditions is largely irrelevant·. 

It is important to note that the preceding calculations 
are also based on the following "worst case" assumptions: 

·' 
1. A highly saline leachate with a concentration 

and composition equal to that of sea water. 

2. No interaction between the solute and clay. 

In actual practice, there would be some uptake and adsorp
tion of solutes on the clay. This adsorption would 
attenuate or limit further solute concentrations in the 
leachate as it passed through the clay. 



IJ[. EFFECT OF LEACHATE CONSTITlJEUTS ON THE PERNEABILITY OF CLAY 

A. GENERAL BACKGROUND 

The possibility that leachate--either in the solvent or 
solute phase--might affect clay permeability and hence its 
containment integrity has been raised by a number of investiga
tors (Anderson and Brown, 1981; Haxo, 1981; and Folkes, 1982). 
Orie of these studies has shown that concentrated organic liquids, 
can increase clay permeability by several orders-of-magnitude 
(Anderson and Brown, 1981). 

All of these studies were conducted in the laboratory 
with simulated leachates from particular types of wastes and 
under particular testing conditions. The danger of blindly 
applying these test results to a field situation have been 
noted recently by Gray and Stoll (1983). It is essential to 
ask the following before the results of these lab tests can 
be applied to a given field situation: 

1. l1hat·was the nature of the leachate in the lab tests? 
What are the concentrations of various constituents 
in the leachate in the field as opposed to the lab 
tests? How relevant are the lab test results in the 
light of potentially large differences in leachate 
composition (lab vs. field)? ' 

2. How did the leachate contact or interact with the clay 
in the lab tests? Was it forced through? If so, at 
what gradient? . Is there any prospect that the leachate 
will be able to penetrate/permeate through the clay 
containment in ·the field in like manner? In other words 
are the necessary gradients and other conditions present 
to permit this to happen? 

3. What was the failure or clay degradation ~ocess by 
which the apparent ermeabilit increase occured in 
the lab tests? Was it by a dissqlution, b) syneresis, 
c) piping? Could these mechanisms reasonably occur 
in the field given the type, water content, and density 
of the in-situ clay plus the nature and concentration 
of organic and inorganic compounds in the leachate? 

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE 

'rhe types, composition, and relative amounts of wastes 
placed in the Type II Solid Waste Landfill at Allen Park are 
shown in Tables 3 and 4. The results of typical E.P.T leachate 
tests on these Hastes are shown in Table 5. The likely nature 
and composition of the landfill leachate can be estimated from this 
information. This estimate is adequate for purposes of evaluating 
the probable effect of the leachate on clay permeability. 
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TA!3LE 3. ALLEN' PARK CLAY MINE - SOLID WASTE. 
LANDFILL CONSTITUENTS I 

Fly Ash 

Blast Furnace ~ilter Cake 

Construction Do!or:!.s - &weepings - Clean-Up 

IJOF Dust 

Foundry Sad 

Electric· Furnace Dust 

coal and "coke 

Col'e Oven Deca'Tter Tar Sludge 

Glass 

Wood Ash 

BOF Kish 

Hastewater Treatment Sludge 

Grinding Mud 

14% 

6% 
f,'f, 

4.8% 

3% 

0.2% 

0.1% 



[P T'JYIC 

l..,n 
C. rt'on 
Arsenic 

B~rl ''"' 
c~~!rr.i L:m 

Chrv"l U" 
lead 
Hen:~,;ry 

Srlenlorr. 
Sliver 
gangan::'j€ 
Zinc 
Phos;:;ht:'rus 
Sui fur 
Cole ill'' 
H..3cn~sit..-:.1 
AlU.nlnLm 
Silicon 
Potalsitn 
Sodlc1r. 
Flt:ori !1e 
Cy;nide 
Phenol 
liopllthalenc 

' 

TABLE 4. ALLEN PARK CLAY MINE WASTES, TYPICAL 
AS RECEIVED ANALYSES (mg/kgm). 

Decanter· 11!nk :tectr1c Arc Dhst furn. r.or rluc P.1a'it rurn. rour.dry 
!_6r S~g_o_ 'urn. ~u'i.t rlur llusl Uu ... t r 11 t.cr Cn~.r S>nd ~.!:~.cis~ ~Y A~lt ------- ----- -- ---- ------- -·---
llo 'fi''>(Zn,Ph.C:i} Ho i'io Ho 1b l~o [x(;r.pl 

___ ., 
JoO,OOO 122,000 SGO,OOQ 150,000 1,200 490,000 34,500 .......... ·i. 700 520,000 7,~00 4(1.1 ,000 6,GOO 240,000 194,000 ........... 50 19 . 42. 2 (0 70 .. ... -... ......... d <1 <l 20 <l <1 ... ....... ......... 95 <! 50 n· < l <1 .. ........ 

.......... o-oo <] 130 70 <1 50 ........ _ cx:~.soo <1 J,poo 350 44 <1 ............ 
............ <> <l <1 <1 <1 <1 ........... 120 90 <1 .I 35 70 .......... [. <1 <1 9 <1 d .......... 
.......... 3'l,OOO 7' 500 10 •. 000 4,500 79 2,000 ............ ,.. .. __ 

] 50,000 120 22,000 ~00 ~0 194 ........ _ ... .,. .. 4 50 200 190 300 400 170 .. ... _ .. 
.,._,_ 3,600 4,0GO 1,600 4,000 200 DO>U 3,100 .. -..... G l , CQO 18,000 2,QOO {0,000 r,o S!iO 13,100 .......... ll 'coo 7,500 9,tGO 13,000 !CD 3,eoo 5,~00 ___ ... 

2,400 2,200 <2 3,700 <2 l ,GOG 147,200 ....... _ 15,000 23,000 0,000 R3,000 4 50,000 25,000 201,700 ........ S,900 980 5,000 2.20~ 170 640 9,700 __ .,._ s,wo 440 2,300 1 ,500 390 630 3,700 ......... :!6 ]0 23 4 <I 48 
___ ..., 

J~ <I <l <] 3 d d .......... 
J,SQO d <1 <1 . 3 d 2 ........... 
2,700 

. . 
I 

lie~ D·Jst . ·,_ f' i; ~. <• ~ ,. 

----
llo 

...... _ ceo 
-~-- :J' (1-:~ 
---- J -· 

---- <t; 

---- ' ' I 
.. ___ 

( 0 

' ' .. ___ 
• j 

---- , . . -., ___ 
; 

........ 1 i] 

---- s 
. _ ...... _ 

' 380 
714 '700 0 , ___ 

:- J ......... ~ ( 
........ (· , CO:J 
......... 

' 0 
--~- ' J ---- . ·r.l 
..~ ..... 2 
---- J 



TABLE 5. IILLEl! l'i\l~i: ClJ",Y !·liino SOLID \·ifc:;cl'Jo,J 
rrYPir!AL E. P. 'r. LEAr 'lL'Y_llE 'l1EST RE01JL~S Cr·i!~/1) 

BJ.u;_j L F'Ul"aac~.: BOF Flue J3lu:.;t Furnucc ·FOU!H.lry BOI' 
1:aru.nlete1· Flue nut; t Duu t l•'l.ltee Cake Sc:1nd Ki.sli --
1\l·::E:nic 0. Ol; 0.02 < 0.1 0.03 0.1 

Barium (0.8 < 0.04 <. 0.3 (0.08 (. 0.8 

Cudmit<m 0..01 0.03 < 0.08 ..( 0. 005 (0.005 

Cit rom i u:n L O.l /_ () .05 .( 0 .Oj .( 0.1 <. 0.1 

LeuJ. .( 0.2 l.'( J. .'( z 0.2 <o.2 

gercury O.O•JU( .( 0.01 < () .2 (0.2 (0.2 

~k.: l cnium 1.0 < 0.0.1 .( o.:~. 0.10 (). l1 

Gilvcr /.. 0.1 f, 0.01 < O.Ul (. 0.1 .( 0.1 

I. 

Ht1:.:.Lc,.,r;,! •:: 

Colze Trcc.Ll:;,. Jr:.-

Bl'CCZC! [;] i1 l -t: 

..( 0.1 c·,, . " 
.(O. 8 ,I;) 

(0.005 .00) 

..(0.1 '1()] 

.(0.2 • l ): ~:.. 

.( 0.2 . G\;l':, 

/..O.;i . \ ~{ :: ' 

i.O.l .til'i. 

C >wpiJ • I B:: 
l:u·ch I. J« 



The data in Tables 3 and <J indic<tte that 50 per cent of 
Lh:.; ,;olid H<:wl:e consic>ts of relutivel:c inert fly ash and that 
,;olll(' Wl per cent of the wastes consist of materials that do 
not contain significant amounts of heavy metals (Zn, Pb, Cd) 
or organics kno\'lt1 or suspected to be toxic such phenol and 
naphthalene ( sc"e Table 4). The coke oven decanter tar sludge 
is a possible source of organics (phenol and napthalene), but 
this waste comprises only 0.6 per cent of the total stream in 
the Type II Solid Waste landfill. 

C. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY 
PERMEABILITY Nr ALLEN PARK SI'rE 

Anderson and Bro\'lt1 (1981) found that several organic 
liquids, viz., aniline, acetone, ethylene glycol, heptane, 
and xylene, cause large increases in permeability of four com
pacted clay soils. Pure organic liquids were used in their 
study. One of the authors (Anderson, 1982) later emphasized 
that their results cannot be used to sup~ort claims that clay 
liners' permeated by dilute organic liquids may be susceptible 
to large permeability increases. 

Haxo (1981) reported results of up to 52 months of liner 
exposure to. selected industrial wastes. He included several 
organic wastes, namely, aromatic oil, Oil pond 104, and a 
pesticide. The results of large permeameter tests on a compacted 
fine-grained soil and admixed materials are summarized in • 
Table.6. Although a smal~ amount of seepage passed through 
the compacted, fine-·grained soil liner, no permeability increases 
were reported with any of the organic wastes. 

On the basis of the.se studies and with the caveats noted 
at the beginning of this section in mind, it is possible to 
evaluate the likely effect of the landfill leachate on clay 
permeability at the Allen Park site. 

1. Type II Solid Waste Landfill 

As noted previously the existing landfill contains 
small quantities of coke oven decanter tar sludge which 
is a possible source of organics (phenol and 
naphthalene), but this waste comprises only 0.6 per 
cent of the total. Phenol and naphthalene are present 
in the tar component of this waste in concentrations 
estimated by Desha (1946) of 0.1 and 2.2 per cent by 
weight respectively. Accordingly, the amount of phenol 
and naphthalene present in the total ''aste stream are 
• 006 and . 013 per cent by ''eight respectively. These 
amounts constitute a very low fraction and they suggest 
that leachate from the total waste stream will tend to 
have very low concentrations of phenol and napthalene. 
Therefore, the organics in the leachate from the Type 
II Solid Waste landfill are quite unlikely to affect 
clay permeability. 



TABLE 6. EFFECTS OF INDUSTRIAL WASTES ON SOIL AND AD\!IX LINERS 
(from Faxo, 1981) 

Liner 
material 

Compacted 
fine~graincd soil 
305 mm thick 

Soil cement 
lOOmm thick 

Modified bentonite 
and sand (2 types) 
127 mm thick 

Hydraulic asphalt 
concrete 
64mm thick 

Spray-on asphalt 
and fabric 
8mm thick 

Acidic waste 
(HNO,, HF, HOAC) 

Not tested 

Not tested 

Not tested 

·Failed 

Not tested 

.. From d;11a presented by HaJto {1981). 
tSame as (a). 
+Same as (b). 

Alkaline waste 
(spent caustic) 

Lead 
(low lead gas 

washing) 

Measurable rate of seepage 
v, = to- 10-I0-9 m/s, waste 

penetrated 3-5 em after 30 mon<hs (a) 

Oily waste 

Aromatic oil 

k= 1.8 X 10-IO 
k=2.4X JO-JO 

k=2.6X 1()'' 10 

(tests on soil 
after 30 months) 

Oil pond 104 

t 

Nu measurable seepage after 30 months 

Measurable seepage after 30 months, channelling of waste 
into bentonite (b) 

Satisfactory 

Satisfactory 

Waste stains 
below liner 
asphalt mushy 

Waste stains 
below liner 

Not tested 

Not tested 

Failed 
(waste seepage 
through liner) 

Not tested 

Not tested 

Pesticide 
(weed killer) 

t 

~ 

Satisfactory 

Satisfactory 
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Type I Ha7.ardous Haste Landfill 

In the future the decanter tar sludge will be 
placed in a separate landfill that will be upgraded to 
accept hazardous wastes. This action will increase the 
relative proportion of organics (phenol and 
naphthalene) in the waste stream. Leachate tests run 
on pure samples of decanter tar sludge using a 
distilled water extraction procedure (Calspan, 1977) 
have produced phenol concentrations of approximately 
500 ppm. Even this concentration is far removed from 
the very high concentrations of organic solve.nts used 
by Anderson and Brown (1981) in their permeability 
tests on different clays. Accordingly, organics in the 
leachate from the Type I Hazardous Waste landfill are 
also unlikely to affect clay permeability. 

In summary: It does not appear likely nor reasonable that 
organics present in the wast.es at the Allen Park Clay Mine/Land
fill will cause a permeability increase given their low concen
tration and the absence of any substantiation in the published 
technical literature for such an increase under these conditions • 

. . 



( 1). 'l'}wre appears to be very little likelihood of leachate migratinq downward from the Allen Park Clay Hine/Landfill and conta1nini1ting the aquifer beneath the clay. 

(2). A density difference between the leachate and groundwater will have little or no influence on hydraulic permeability or downward migration nor will it lead to diffusion efflux of solutes. A thick, uniform bed of silty clay beneath the site coupled with an upward hydraulic gradient precludes the latter. Calculations and analyses are provided herein to support this finding. 

(3). Comparison with results of salt water intrusion studies across clay aquitards having similar properties as the clay beneath the Allen Park Clay Mine site show that the solute (salt) will take at least 800 years to migrate across a clay barrier 30 feet thick under chemica-osmotic gradients alone. A counter (or upward) hydraulic gradient will increase this breakthrough time even more. · 
(4). The waste and.its leachate are unlikely to increase the permeability of the underlying clay. This claim is reasonable in view of the low concentrations of organics in the total, waste stream and in the light of the findings and caveats of permeability/exposure tests with organic permeants reported in the technical literature. This conclusion applies to both the existing Type II Solid Waste landfill and a proposed 'l'ype I Hazardous 1'/aste l.andfill that will accept the coke oven decanter tar sludge. 

(5). The composition of the waste and underlying clay do not suggest properties or combination of properties that could lead to a containment failure caused by such processes as piping, acid/base dissolution, or syneresis. 

(6). Under these circumstances any observeq increase in contaminant levels of monitor wells in the aquifer underlying the site could just as well come from other sources laterally upgradient from the site rather than from the clay mine/landfill above the site. 

(7). These findings and conclusions support the basis of, applicant's petition for discontinuing further monitoring of the wells penetrating the aquifer beneath the site. 
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